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PREFACE  TO  THE  SECOND  EDITION. 


The  increasing  use  of  this  book  for  students  of  all  kinds  of 
engineering,  in  teaching  machine  drawing  and  elementary 
machine  design,  and  the  changes  which  have  naturally  occiured 
since  the  first  edition  was  published,  have  made  a  revision  and 
the  following  additions  both  necessary  and  desirable. 

Course  II  has  been  prepared  for  students  in  machine  drawing 
and  elementary  machine  design  who  have  completed  the  full 
course  given  in  "A  Course  in  Mechanical  Drawing/^  by  John  S. 
Reid,  published  by  John  Wiley  &  Sons,  New  York,  or  its 
equivalent. 

The  number  of  problems,  their  scale  and  size,  have  been 
selected  to  properly  fill  a  certain  size  of  sheet,  together  with 
notes,  bill  of  material,  and  title.  New  cuts  have  been  introduced 
illustrating  bills  of  material  and  titles,  with  dimensions  for  con- 
struction. 

A  decidedly  new  feature  has  been  introduced  here  in  giving 
the  minimum  time  allowed  for  finishing  each  plate  according  to 
directions  in  the  text,  and  should  be  much  appreciated  by 
Instructors  when  determining  the  amount  of  work  to  require 
from  their  students  in  any  given  term.    The  time  allowed  to 

finish  the  different  plates  has  been  carefully  determined,  and  any 
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Student  of  fair  intelligence  who  will  honestly  try  can  finish  any 
of  the  plates  in  the  time  given. 

The  Course  in  Lettering  has  been  added  for  the  benefit  of 
students  who  have  not  had  its  equivalent  in  their  preparatory 
course  in  mechanical  drawing. 

Course  III  is  a  short  course  which  has  been  added  here  as  a 
supplement  to  Course  II,  and  consists  of  practical  machine 
sketching,  the  making  of  working  drawings  from  sketches, 
isometrical  drawing  of  a  lay-out  of  piping,  and  machine  design. 

The  report  on  the  "  Present   Practice  in   Drafting  Room 

Methods,"  which  will  be  found  at  the  end  cf  the  book,  is  also 

new,  and  will  interest  Instructors  and  enable  them  to  adopt  a 

system  in  their  drawingj  courses  that  may  closely  approximate 

the  best  practice  in  the  leading  and  most  progressive  drafting 

rooms  in  the  United  States, 

,    The  thanks  of  the  authors  are  due  and  are  most  cordially 

extended  to  those  who  have  used  this  book  in  the  past  and  have 

encouraged  and  assisted  them  by  gracious  words  and  timely 

suggestions. 

John  S.  Reid. 

D.  Reid. 

AKMOUR    iNStlTUTE  or  TrXHNOLOGY, 

Chicagt),  III.,  September,  1908. 


PREFACE. 


To  properly  prepare  students  for  advanced  machine 
design  it  has  been  found  necessary  to  introduce  a  course 
designed  to  apply  the  principles  of  mechanical  drawing  to  the 
solution  of  practical  problems  in  machine  construction  and  to 
familiarize  the  student  with  the  arrangement  and  proportions 
of  the  most  important  machines  and  their  details  recognized 
by  competent  engineers  to  be  the  best  practice  of  the  present 
time. 

It  is  essential  to  intelligent  study  and  an  economical 
expenditure  of  time  and  labor  that^  before  attempting  to 
design  a  new  machine  or  improve  an  old  one,  the  student 
should  post  himself  with  all  possible  information  concerning 
what  has  already  been  done  in  the  same  direction. 

To.  this  end  the  present  work  has  been  prepared.  In  it 
we  have  attempted  to  show  what  is  the  best  United  States 
practice  in  the  design  and  construction  of  various  machines 
and  details  of  machines,  using  rules  and  formulae  whenever 
feasible  in  working  out  practical  problems. 

In  addition  to  this  will  be  found  the  latest  and  most 
approved  drafting-room  methods  in  use  in  this  country,  with- 
out which  most  drawings  would  be  practically  useless.  Up 
^TO  the  present  time  no  text-book  that  we  know  of  has  been 
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published  in  the  United  States  that  could  in  the  best  way  fill 
the  need  as  explained  above. 

Books  of  a  somewhat  similar  nature  have  been  published 
in  Great  Britain,  showing  that  the  same  need  has  been  felt 
there  as  here.  These  books;  modified  to  suit  American  prac- 
tice, have  been  used  to  some  extent  in  this  country  because 
they  were  the  best  to  be  had,  but  are  not  by  any  means  all 
that  can  be  desired  for  our  purpose  in  their  present  form. 

While  preparing  this  course  for  the  sophomore  students  in 
Sibley  College  the  authors  endeavored  to  secure  samples  of 
the  actual  machines  ox  parts  of  machines  as  collateral  in  illus- 
trating the  exercises  given  in  the  book,  with  a  result  that  in 
our  drafting-rooms  we  have  many  examples  of  modern 
machine  construction  placed  convenient  to  the  students' 
hands,  so  that  they  may  examine  and  handle  the  actual  thing 
itself  while  solving  the  problems  in  drawing  and  designing. 
This  we  believe  of  great  importance  in  the  study  of  machine 
design  and  construction,  because  few  are  able  to  describe  a 
machine  even  with  the  assistance  of  a  drawing  so  well  as  to 
enable  the  student  to  conceive  it  in  his  mind  as  it  actually  is. 

The  preparation  necessary  for  the  proper  understanding 
and  execution  of  the  problems  contained  in  this  book  is  as 
follows:  use  of  instruments,  instrumental  drawings  applied  to 
drawing  geometrical  problems  in  pencil  and  ink,  thorough 
knowledge  of  the  conventional  lines,  hatch-lining  and  colors 
for  sections,  mechanical  and  free-hand  lettering,  orthographic 
projection  in  the  third  angle,  isometrical  drawing — in  brief  all 
that  is  contained  in  **  A  Course  in  Mechanical  Drawing,**  by 
John  S.  Reid,  published  by  John  Wiley  &  Sons,  New  York. 

In  the  preparation  of  the  drawings  for  this  work  we  are 
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indebted  to  many  of  the  leading  engineering  firms  of  this  and 
other  States,  who  have  kindly  supplied  us  with  drawings  and 
samples  of  the  latest  and  best  practice  of  the  day.  Our 
thanks  are  especially  due  to  the  Dodge  Manufacturing  Com* 
pany,  the  Detroit  Screw  Works,  the  Buckeye  Engine  Co., 
the  United  States  Metallic  Packing  Co.,  the  National  Tube 
Works,  the  Ridgeway  Dynamo  &  Engine  Co.,  the  Murray 
Gun  Works,  Henry  R.  Worthington,  Robt.  Pool  &  Sons, 
the  Baldwin  Locomotive  Works,  the  Schenectady  Locomotive 
Works,  the  American  Pulley  Co.,  the  Hyatt  Roller  Bearing- 
Co.,  the  Macintosh  and  Seymour  Engine  Co.,  and  many 
others. 

Our  acknowledgments  are  also  due  to  many  of  the  best 
authorities  on  the  different  subjects  treated,  among  which 
may  be  mentioned  Thurston's  "  Materials  of  Construction," 
A.  W.  Smith's  **  Machine  Design,"  Klein's  "  Machine 
Design,"  Unwin's  '*  Machine  Design,"  Barr's  "  Boilers  and 
Furnaces,"  Peabody  and  Miller's  "Steam  Boilers,"  Low 
and  Bevis's  **  Drawing  and  Designing,"  John  H.  Barr's 
Kinematics,"  Thurston's  "Steam  Boilers,"  Reuleaux's 
Constructor,"  the  '*  Proceedings  of  the  American  Railwa}^ 
Master  Mechanics'  Association,"  etc.,  etc. 

J.  S.  R. 

D.  R. 
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3  DSAWING  AND  DESiGNtNG. 

from  rules  and  formulae,  will  induce  the  student  to  think,  and 
tend  to  develop  any  natural  ability  he  may  have  in  this  direc* 
tion.  It  has  been  the  aim  of  the  authors  in  the  arrangement 
of  problems  to  accomplish  this  purpose  in  the  highest  degree 
possible. 

The  following  notes  on  the  complete  outfit  of  instruments 
-and  materials  should  be  consulted  before  buying,  because  it 
is  very  essential  to  the  best  results  that  a  good  outfit  be 
secured. 

.  The  outfit  for  students  in  mechanical  and  machine  drawing 
is  as  follows: 

(i)  The  Dkawing-board  for  academy  and  freshman  work  is 
i6"X2i"Xj'%  the  same  as  that  used  for  free-hand  drawing. 
The  material  should  be  soft  pine  and  constructed  as  shown  by 


(z)  I  Scribbling  Pencil  with  rubber  tip. 

(3)  Pencils,  one  6H  and  one  4H  Koh-i-noor  or  Faber. 

(4}  The  T-Square;  a  plain  pcarwood  T-square  with  a  fixed 
hra;l  is  all  that  is  necessary.  ~  Length  21". 

(5)  iNSTBaMENTS.  "Pocket  Book"  Set,  shown  by  Fig.  2, 
recommended  as  a  iirst-class  medium-priced  set  of  instruments. 
Il  contains 

A  CoupASS,  si"  long,  with  fixed  needle-point,  pencil,  pen 
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and    lengthening   bar;    a    Spring    Bow    Pencil,    3"   long;    a 
SpsniG  Bow  Pen.  3"  long;    a  Spring  Bow  Spacer,  3"  long; 


\  Drawing-pens,  merfium  and  small,  i  Hair-spring  Divider. 
5^  iong;  a  nickcl-plaled  box  widi  leads. 


B^5 


.'\»^y 


Fig,  3. 

(6)  A  Triangular  Boxwood  Scale  graduated  as  follows: 
'  and  2",  3"  and  i}",  1"  and  V',  \"  and  |",  I'n"  and  r"/', 

(7)  I  Triangle  30°X6o*',  ceiluUid,  ro"  long.     Fig.  4. 
I  '■  ^go,  "  7"     " 

(8)  1  iBRF.firi-AR  Curve.     No.  13.     Fig.  5, 

(9)  Emerv  Pencil  Pointer. 
(to)  Ink,  black  walcrproof.    Fig,  7- 
(11)  Ink  Eraser,  Faber's  Typewriter.    No.  104. 
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(12)  Pencil  Esases,  "Emerald"  No.  211.    Fig.  9. 

(13)  Sponge  Rubber  or  Cdbe  of  "Abtgum."    Figs.  lo,  it. 


(14)  Tacks,  a  small  carton  of  i  oz.  copper  tacks,  and  i  doz. 
small  thumb  larks. 

(15)  Arkansas  Oil  Stone.    2"X1"XiV". 

{16}  Protractor,  German  silver,  about  5"diam.    Fig.  12. 
(17)  Scale  Goahd,     "  "      Fig.  13. 
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(i8)  2  sheets  ot  *' Cream*'  Drawing  Paper. 

(19)  2     ''     '*  Imperial  Tracing  Cloth. 

(20)  I  Cross-section  Pad.    8"Xio". 

(21)  I  Scribbling  Pad. 


.// 


IS''X20 


// 


.// 


// 


I5''X20''. 


Fio.  la.  Fto.  13. 

(22)  i> Erasing  Shield,  nickel  plated. 

(23)  2  Lettering  Pens,  "Gillott"  No.  303. 

(24)  2  ''  '  *      "  Ball  Point,"  No.  506. 

(25)  2  ''  ''  **  '*      No.  516. 

(26)  I  Two-foot  Rule 
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INSTRUMENTS. 

It  is  a  common  belief  among  students  that  any  kind  of 
cheap  instrument  will  do  with  which  to  learn  mechanical 
drawing,  and  not  until  they  have  acquired  the  proper  use  of 
the  instrunients  should  they  spend  money  in  buying  a  first- 
class  set.  This  is  one  of  the  greatest  mistakes  that  can  be 
made.  Many  a  student  has  been  discouraged  and  disgusted 
because,  try  as  he  would,  he  could  not  make  a  good  drawing, 
using  a  set  of  instruments  with  which  it  would  be  difficult  for 
even  an  experienced  draftsman  to  make  a  creditable  showing. 

If  it  is  necessary  to  economize  in  this  direction  it  is  better 
and  easier  to  get  along  with  a  fewer  number,  and  have  them 
of  the  best,  than  it  is  to  have  an  elaborate  outfit  of  question- 
able quality. 

The  instruments  shown  in  Fig.  2  are  well  made  of  a  moderate 
price,  and  with  care  and  attention  will  give  good  satisfaction  for 
a  long  time. 

USE   OF    INSTRUMENTS. 

The  Pencil. — Designs  of  all  kinds  are  usually  worked  out 
in  pencil  first,  and  if  to  be  finished  and  kept  they  are  inked  in 
and  sometimes  colored  and  shaded ;  but  if  the  drawing  is  only 
to  be  finished  in  pencil,  then  all  the  lines  except  construction^ 
center,  and  dimension  lines  should  be  made  broad  and  dark. 
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SO  that  the  drawing  will  stand  out  clear  and  distinct.  It  will 
be  noticed  that  this  calls  for  two  kinds  of  pencil-lines,  the 
first  a  thin,  even  line  made  with  a  hard,  fine-grained  lead- 
pencil,  not  less  than  6H  (either  Koh-i-noor  or  Faber's),  and 
sharpened  to  a  knife-edge  in  the  following  manner:  The  lead 
should  be  carefully  bared  of  the  wood  with  a  knife  for  about 
\'\  and  the  wood  neatly  tapered  back  from  that  point;  then 
lay  the  lead  upon  the  emery-paper  sharpener  illustrated  in  the 
outfit,  and  carefully  rub  to  and  fro  until  the  pencil  assumes  a 
long  taper  from  the  wood  to  the  point ;  now  turn  it  over  and 
do  the  same  with  the  other  side,  using  toward  the  last  a 
slightly  oscillating  motion  on  both  sides  until  the  point  has 
assumed  a  sharp,  thin,  knife-edge  endwise  and  an  ell^tical 
contour  the  other  way. 

This  point  should  then  be  polished  on  a  piece  of  scrap 
drawing-paper  until  the  rough  burr  left  by  the  emery-paper  is 
removed,  leaving  a  smooth,  keen,  ideal  pencil-point  for  draw- 
ing straight  lines. 

With  such  a  point  but  little  pressure  is  required  in  the 
hands  of  the  draftsman  to  draw  the  most  desirable  line,  one 
that  can  be  easily  erased  when  necessary  and  inked  in  to 
much  better  advantage  than  if  the  line  had  been  made  with  a 
blunt  point,  because,  when  the  pencil-point  is  blunt  the  incli- 
nation is  to  press  hard  upon  it  when  drawing  a  line.  This 
forms  a  groove  in  the  paper  which  makes  it  very  difficult  to 
draw  an  even  inked  line. 

The  second  kind  of  a  pencil-line  is  the  broad  line,  as 
explained  above;  it  should  be  drawn  with  a  somewhat  softer 
pencil,  say  4H,  and  a  thicker  point. 

All  lines  not  necessary  to  explain  the  drawing  should  be. 
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erased  before  inking  or  broadening  the  pencil-lines,  so  as  to 
make  a  minimum  of  erasing  and  cleaning  after  the  drawing  is 
finished. 

When  drawing  pencil-h'nes,  the  pencil  should  be  held  in  a 
lane  passing  through  the  edge  of  the  T-square  perpen- 
:ular  to  the  plane  of  the  paper  and  making  an  angle  with 
le  plane  of  the  paper  equal  to  about  60". 
Lines  should  always  be  drawn  from  left  to  right.  A  soft 
conical-pointed  pencil  should  be  used  for  lettering,  figuring, 
and  all  free-hand  work. 

T/u-  Dra-iSjing-pen, — The  best  form,  in  the  writer's  opinion, 
is  thai  shown  in  Fig.  14.      The  spring  on  the  upper  blade 


^     unn* 


:ads  the  blades  sufficiently  apart  to  allow  for  thorough 
,ning  and  sharpening.  The  hinged  blade  is  therefore 
unnecessary.  The  pen  should  be  held  in  a  plane  passing 
through  the  edge  of  the  T-square  at  right  angles  to  the  plane 
of  the  paper,  and  making  an  angle  with  the  plane  of  the 
paper  ranging  from  60°  to  90°, 

The  best   of  drawing-pens  will  in  time  wear  dull  on  the 
>int,  and   until  the  student  has  learned  from  a  competent 
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teacher  how  to  sharpen  his  pens  it  would  be  better  to  have 
them  sharpened  by  the  manufacturer. 

It  is  difficult  to  explain  the  method  of  sharpening  a  draw- 
ing-pen. 

If  one  blade  has  worn  shorter  than  the  other,  the  blades 
should  be  brought  together  by  means  of  the  thumb-screw,  and 
placing  the  pen  in  an  upright  position  draw  the  point  to  and 
fro  on  the  oil-stone  in  a  plane  perpendicular  to  it,  raising  and 
lowering  the  handle  of  the  pen  at  the  same  time,  to  give  the 
proper  curve  to  the  point.  The  Arkansas  oil-stones  (No.  21 
of  **  The  Complete  Outfit  ")  are  best  for  this  purpose. 

The  blades  should  next  be  opened  slightly,  and  holding 
the  pen  in  the  right  hand  in  a  nearly  horizontal  position,  place 
the  lower  blade  on  the  stone  and  move  it  quickly  to  and  fro, 
ulightly  turning  the  pen  with  the  fingers  and  elevating  the 
h^niUc  a  little  at  the  end  of  each  stroke.  Having  ground  the 
lower  blade  a  little,  turn  the  pen  completely  over  and  grind 
the  upper  blade  in  a  similar  manner  for  about  the  same  length 
of  time;  then  clean  the  blades  and  examine  the  extreme 
pv^intH»  and  if  there  are  still  bright  spots  to  be  seen  continue 
the  ^linilin^  until  they  entirely  disappear,  and  finish  the 
nhiupenin^  by  polishing  on  a  piece  of  smooth  leather. 

y\w  hliules  shouUl  not  be  too  sharp,  or  they  will  cut  the 
\\\w\ ,  The  ^rinilin^j  should  be  continued  only  as  long  as  the 
biujht  npot!*  show  on  the  points  of  the  blades. 

When  inkii\K»  the  pen  should  be  held  in  about  the  same 
I^ohUivm\  an  ih^seribed  for  holding  the  pencil.  Many  drafts- 
U\en  hoKI  the  pen  vertically.  The  position  may  be  varied 
\^ith  ijoo\l  ieH\iltH  as  the  pen  wears.  Lines  made  with  the 
Mf^  iih\»uld  only  be  drawn  from  left  to  right. 
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THE  TRIANGLES. 

The  triangles  shown  at  Fig.  4  (in  **  The  Complete  Outfit ") 
are  10''  and  y"  long  respectively,  and  are  made  of  transparent 
celluloid.  The  black  rubber  triangles  sometimes  used  are  but 
very  little  cheaper  (about  10  cents)  and  soon  become  dirty 
when  in  use ;  the  rubber  is  brittle  and  more  easily  broken  than 
the  celluloid. 

Angles  of  15*,  75*,  30**,  45**,  60**,  and  90**  can  readily  be 
drawn  with  the  triangles  and  T-square.  Lines  parallel  to 
oblique  lines  on  the  drawing  can  be  drawn  with  the  trianglea 
by  placing  the  edge  representing  the  height  of  one  of  them 
so  as  to  coincide  with  the  given  line,  then  place  the  edge  rep- 
resenting the  hypotenuse  of  the  other  against  the  corre- 
sponding edge  of  the  first,  and  by  sliding  the  upper  on  the 
lower  when  holding  the  lower  firmly  with  the  left  hand  any 
number  of  lines  may  be  drawn  parallel  to  the  given  line. 

The  methods  of  drawing  perpendicular  lines  and  making 
angles  with  other  lines  within  the  scope  of  the  triangles  andT* 
square  are  so  evident  that  further  explanation  is  unnecessary. 

THE   T-SQUARE. 

The  use  of  the  T-square  is  very  simple,  and  is  accom- 
plished by  holding  the  head  firmly  with  the  left  hand  against 
the  left-hand  end  of  the  drawing-board,  leaving  the  right 
hand  free  to  use  the  pen  or  pencil  in  drawing  the  required 
lines.  V 

THE  DRAWING-BOAREt 

If  the  left-hand  edge  of  the  drawing-bcard  is  straight  and 
the  T-square,  then  horizontal  lines  parallel  to  the  upper  edge 

of  the  paper  and  perpendicular  to  the  left-hand  edge  may  be 

drawn  A^th  the  T-square,  and   lines  perpendicular  to  these 

can  be  made  by  means  of  the  triangles,  or  sei  squares,  as  they 

are  sometimes  called. 
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THE  TRIANGULAR  SCALE 

This  scale,  illustrated  in  Fig.  3  (in  "The  Complete  Out- 
fit"), was  arranged  to  suit  the  needs  of  the  students  in  machine 
drawing.  It  is  triangular  and  made  of  boxwood.  The  six 
tdges  are  graduated  as  follows;  ^V''  or  full  size,  ^V"*  i" 
and  I"  =  I  ft.,  i''  and  i"  =  i  ft.,  3''  and  li"  =  i  ft.,  and 
4"  and  2"  =  I  ft. 

Drawings  of  very  small  objects  are  generally  shown  en- 
larged— e.g.,  if  it  is  determined  to  make  a  drawing  twice  the 
full  size  of  an  object,  then  where  the  object  measures  one  inch 
the  drawing  would  be  made  2",  etc. 

Larger  objects  or  small  machine  parts  are  often  drawn  full 
size — i.e.,  the  same  size  as  the  object  really  is — and  the  draw* 
ing  is  said  to  be  made  to  the  scale  of  full  size. 

Large  machines  and  large  details  are  usually  made  to  a 
reduced  scale — e.g.,  if  a  drawing  is  to  be  made  to  the  scale  of 
2"  =  I  ft.,  then  2''  measured  by  the  standard  rule  would  be 
divided  into  12  equal  parts  and  each  part  would  represent  l". 

THE   SCALE   GUARD. 

This  instrument  is  shown  in  No.  17  (in  "The  Complete 
Outfit ").  It  is  employed  to  prevent  the  scale  from  turning, 
•to  that  the  draftsman  can  use  it  without  having  to  look  for 
tee  particular  edge  he  needs  every  time  he  wants  to  lay  off 
a  measurement 

THE  COMPASSES. 

When  about  to  draw  a  circle  or  an  arc  of  a  circle,  take 
liold  of  the  compass  at  the  joint  with  the  thumb  and  two  first 
fingers,  guide  the  needle-point  into  the  center  and  set  the 
pencil  or  pen  leg  to  the  required  radius,  then  move  the  thumb. 
and  forefinger  up  to  the  small  handle  provided  at  the  top  of 
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the  instrument,  and  beginning  at  the  lowest  point  draw  the 
line  clockwise.     The  weight  of  the  compass  will  be  the  only 

down  pressure  required. 

The  sharpening  of  the  lead  for  the  compasses  is  a  very  im- 
portant matter,  and  cannot  be  emphasized  too  much.  Before 
commencing  a  drawing  it  pays  well  to  take  time  to  properly 
sharpen  the  pencil  and  the  lead  for  compasses  and  to  keep 
them  always  in  good  condition. 


Fig.  16. 
The  directions  for  sharpening  the  compass  leads  are  the 

same  as  has  already  been  given  for  the  sharpening  of  the 

straight-line  pencil. 

THE   DIVIDERS   OR   SPACERS. 

This  instrument  should  be  held  in  the  same  manner  as  de* 
scribed  for  the  compass.  It  is  very  useful  in  laying  off  equal 
distances  on  straight  lines  or  circles.  To  divide  a  given  line 
into  any  number  of  equal  parts  with  the  dividers,  say  12,  it 
is  best  to  divide  the  line  into  three  or  four  parts  first,  say  4, 
and  then  when  one  of  these  parts  has  been  subdivided  accu- 
rately into  three  equal  'parts,  it  will  be  a  simple  matter  to 
step  off  these  latter  divisions  on  the  remaining  three-fourths 
of  the  given  line.  Care  should  be  taken  not  to  make  holes  in 
the  paper  with  the  spacers,  as  it  is  difficult  tb  ink  over  them 
without  blotting. 

THE   SPRING   BOWS. 

These  instruments  are  valuable  for  drawing  the  small  cir- 
cles and  arcs  of  circles.  It  is  very  important  that  all  the 
small  arcs,  such  as  fillets,  round  corners,  etc. ,  should  be  care- 
fully pencilled  in  before  beginning  to  ink  a  drawing.     Many 
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good  drawing^  are  spoiled  because  of  the  bad  joints  between 
small  arcs  and  straight  lines. 

When  commencing  to  ink  a  drawing,  all  small  arcs  and 
small  circles  should  be  inked  first,  then  the  larger  arcs  and 
circles,  and  the  straight  lines  last.     This  is  best,  because  it  is 


Fio.  17. 

nujch  easier  to  know  where  to  stop  the  arc  line,  and  to  draw 
the  straight  line  tangent  to  it,  than  vice  versa. 


IRREGULAR   CURVES. 

The  irregular  curve  shown  in  Fig.  5  is  useful  for  drawing 
iirr^uhir  curves  through  points  that  have  already  been  found  by 
iHinsi ruction,  such  as  ellipses,  cycloids,  epicyloids,  etc.,  as  in  the 
I  UM\s  of  gear-teeth,  cam  oudines,  rotary  pump  wheels,  etc. 

When  using  these  curves,  that  curve  should  be  selected 
that  will  coincide  with  the  greatest  number  of  points  on  the 
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THE  PROTRACTOR. 

This  instrument  is  for  measuring  and  constructing  angles. 
It  is  shown  in  Fig.  12.  It  is  used  as  follows  when  measuring 
an  angle:  Place  the  lower  straight  edge  on  the  straight  line 
nrhich  forms  one  of  the  sides  of  the  angle,  with  the  nick 
•exactly  on  the  point  of  the  angle  to  be  measured.  Then  the 
number  of  degrees  contained  in  the  angle  may  be  read  from 
the  left,  clockwise. 

In  constructing  an  angle,  place  the  nick  at  the  point  from 
ivhich  it  is  desired  to  draw  the  angle,  and  on  the  outer  circum- 
ference of  the  protractor,  find  the  figure  corresponding  to  the 
number  of  degrees  in  the  required  angle,  and  mark  a  point  on 
the  paper  as  close  as  possible  to  the  figure  on  the  protractor; 
after  removing  the  protractor,  draw  a  line  through  this  point 
to  the  nick,  which  will  give  the  required  angle. 

SHADE    LINES   AND    SHADING. 

Shade  Lines  are  quite  generally  used  on  engineering  work- 
ing drawings;  they  give  a  relieving  appearance  to  the  projec- 
ting parts,  improve  the  looks  of  the  drawing  and  make  it  easier 
to  read,  and  are  quickly  and  easily  applied. 

The  Shading  of  the  curved  surfaces  of  machine  parts  is 
sometimes  practiced  on  specially  finished  drawings,  but  on 
working  drawings  most  employers  will  not  allow  shading  be- 
<;ause  it  takes  too  much  time,  and  is  not  essential  to  a  quick 
and  correct  reading  of  a  drawing,  especially  if  a  system  of 
shade  lines  is  used. 

The  Source  of  Light  is  considered  to  be  at  an  infinite  dis- 
tance from  the  object,  therefore  the  Rays  of  Light  will  be  rep- 
resented by  parallel  lines. 

The  Source  of  Light  is  considered  to  be  fixed,  and  the  Point 
of  Sight  situated  in  front  of  the  object  and  at  an  infinite  dis* 
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tance  from  it,  so  that  the  Visual  Rays  are  parallel  to  one 
another  and  per,  to  the  plane  of  projection. 

Shade  Lines  divide  illuminated  surfaces  from  dark  surfaces. 

Dark  surfaces  are  not  necessarily  to  be  defined  by  those 
surfaces  which  are  darkened  by  the  shadow  cast  by  another 
part  of  the  object,  but  by  reason  of  their  location  in  relation 
to  the  rays  of  light. 

It  is  the  general  practice  to  shade-line  the  different  pro- 
jections of  an  object  as  if  each  projection  was  in  the  same 
plane — e.g.,  suppose  a  cube,  Fig.  i8,  situated  in  space  in  the 
third  angle,  the  point  of  sight  in  front  of  it,  and  the  direction 


Fig.  i8. 


Fig.  rg. 


of  the  rays  of  light  coinciding  with  the  diagonal  of  the  cube, 
as  shown  by  Fig.  19.  Then  the  edges  a^d",  b'c"  will  be  shade 
lines,  because  they  are  the  edges  which  separate  the  illumi- 
nated faces  (the  faces  upon  which  fall  the  rays  of  light)  from 
the  shaded  faces,  as  shown  by  Fig.  19. 

Now  the  source  of  light  being  fixed,  let  the  point  of  sight 
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remain  in  the  same  position,  and  conceive  the  object  to  be  re- 
volved through  the  angle  of  90^  about  a  hor.  axis  so  that  a 
plan  at  the  top  of  the  object  is  shown  above  the  elevation,  and 
as  the  projected  rays  of  light  falling  in  the  direction  of  the 
diagonal  of  a  cube  make  angles  of  45**  with  the  hor.,  then  with 
the  use  of  the  45**  triangle  we  can  easily  determine  that  the 
lower  and  right-hand  edges  of  the  plan  as  well  as  of  the  ele- 
vation should  be  shade  lines. 

This  practice  then  will  be  followed  in  this  work,  viz. : 

Shade  lines  shall  be  applied  to  all  projections  of  an  object, 
considering  the  rays  of  light  to  fall  upon  each  of  them,  from 
the  same  direction. 

Shade  lines  should  have  a  width  equal  to  3  times  that  of 
the  other  outlines.     Broken  lines  should  never  be  shade  lines. 

The  outlines  of  surfaces  of  rn^olution  should  not  be  shade 
lines.  The  shade-lined  figures  which  follow  will  assist  in  il- 
lustrating the  above  principles ;  they  should  be  studied  until 
understood. 

WORKING  DRAWINGS. 

Working  drawings  are  sometimes  made  on  brown  detail- 
paper  in  pencil,  traced  on  tracing-paper  or  cloth,  and  then 
blue  printed. 

The  latter  process  is  accomplished  as  follows : 

The  tracing  is  placed  face  down  on  the  glass  in  the  print- 
ing-frame, and  the  prepared  paper  is  placed  behind  it,  with 
the  sensitized  surface  in  contact  with  the  back  of  the  tracing. 

In  printing  from  a  negative  the  sensitized  surface  of  the 
prepared  paper  is  placed  in  contact  with  the  film  side  of  the 
negative,  and  the  face  is  exposed  to  the  light. 
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The  blue-print  system  for  working  drawings  has  many 
•drawbacks,  e.g.,  the  sectional  parts  of  the  drawing  requires  to 
be  hatch-lined,  using  the  standard  conventions  already  re- 
ferred to  for  the  different  materials.  This  takes  a  great  deal 
of  time.  The  print  has  usually  to  be  mounted  on  cardboard, 
although  this  is  not  always  done,  and  unless  it  is  varnished 
the  frequent  handling  with  dirty,  oily  fingers  soon  makes  it 
unfit  for  use. 

Changes  can  be  made  on  the  prints  with  soda-water,  it  is 
true,  but  they  seldom  look  well,  and  when  many  changes  or 
additions  require  to  be  made  it  is  best  to  make  them  on  the 
tracing  and  take  a  new  print.  And  the  sunlight  is  not  always 
fav\>rable  to  quick  printing.  So  taking  everything  into  con* 
sideration  the  system  of  making  working  drawings  directly  on 
cards  and  varnishing  them  is  probably  the  best.  It  is  the 
system  used  by  the  Schenectady  Locomotive  Works  and 
tnany  other  large  engineering  establishments.  In  size  the 
cards  are  made  9"  X  12",  12"  X  18",  18"  X  24";  they  are 
made  of  thick  pasteboard  mounted  with  Irish  linen  record- 
paper.  The  drawings  are  pencilled  and  inked  on  these  cards 
in  the  usual  way,  and  the  sections  are  tinted  with  the  conven* 
tional  colors,  which  are  much  quicker  applied  than  hatch- 
lines.  The  face  of  the  drawing  is  protected  with  two  coats  of 
white  shellac  varnish,  while  the  back  of  the  card  is  usually 
given  a  coat  of  orange  shellac. 

The  white  varnish  can  easily  be  removed  with  a  little 
alcohol,  and  changes  made  on  the  drawing,  and  when  revar* 
nished  it  is  again  ready  for  the  shop. 

In  the  hands  of  an  experienced  workman  a  woridilg 
drawing  is  intended    to   convey  to  him   all   the 
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information  as  to  shape,  size,  material,  and  finish  to  en- 
able him  to  properly  construct  it  without  any  additional  in- 
structions. This  means  that  it  must  have  a  sufficient  num* 
ber  of  elevations,  sections,  and  plans  to  thoroughly  explain 
and  describe  the  object  in  every  particular.  And  these  views 
should  be  completely  and  conveniently  dimensioned.  The 
dimensions  on  the  drawing  must  of  course  give  the  sizes  to 
which  the  object  is  to  be  made,  without  reference  to  the  scale 
to  which  it  may  be  drawn.  The  title  of  a  working  drawing 
should  be  as  brief  as  possible,  and  not  very  large — a  neat, 
plain,  free-hand  printed  letter  is  best  for  this  purpose. 

Finished  parts  are  usually  indicated  by  the  letter  **  f,"  and 
ifitisall  to  be  finished,  then  below  the  title  it  is  customary 

to  write  or  print  **  finished  all  over." 

The  number  of  the  drawing  may  be  placed  at  the  upper 

left-hand  corner,  and  the  initials  of  the  draftsman  immedi* 

ately  below  it. 

Lettering. — All  lettering  on  mechanical  drawings  should 

be  plain  and  legible,  but  the  letters  in  a  title  or  the  figures 
on  a  drawing  should  never  be  so  large  as  to  make  them  ap- 
pear more  prominent  than  the  drawing  itself. 

The  best  form  of  letter  for  practical  use  is  that  which  gives 
the  neatest  appearance  with  a  maximum  of  legibility  and  re- 
quires the  least  amount  of  time  and  labor  in  its  construction. 

Figuring. — Great  care  should  be  taken  in  figuring  or  di- 
mensioning a  mechanical  drawing,  and  especially  a  working 
drawing.       ^ 

To  have  a  drawing  accurately,  legibly,  and  neatly  figured 
is  considered  by  practical  men  to  be  the  most  important  part 
of  a  working  drawing. 
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There  should  be  absolutely  no  doubt  whatever  about  th< 
character  of  a  number  representing  a  dimension  on  a  drawing 

Many  mistakes  have  been  made,  incurring  loss  in  time 
labor,  and  money  through  a  wrong  reading  of  a  dimension. 

Drawings  should  be  so  fully  dimensioned  that  there  wil 
be  no  need  for  the  pattern-maker  or  machinist  to  measure  anj 
part  of  them.  Indeed,  means  are  taken  to  prevent  him  front 
doing  so,  because  of  the  liability  of  the  workman  to  mata 
mistakes,  so  drawings  are  often  made  to  scales  which  are  dif 
ficult  to  measure  with  a  common  rule,  such  as  2"  and  4''  = 
I  ft. 

STANDARD    CONVENTIONAL   SECTION   LINES. 

Conventional  section  lines  are  placed  on  drawings  to  distin 
guish  the  different  kinds  of  materials  used  when  such  drawings 
are  to  be  finished  in  pencil,  or  traced  for  blue  printing,  or  tc 
(    :  used  for  a  reproduction  of  any  kind. 

Water-colors  are  nearly  always  used  for  finished  drawing! 
and  sometimes  for  tracings  and  pencil  drawings. 

The  color  tints  can  be  applied  in  much  less  time  than  it 
takes  to  hatch-line  a  drawing.  So  that  the  color  metho< 
should  be  used  whenever  possible. 

To  apply  the  color  tint. — Great  care  should  be  taken  in  d© 
termining  the  depth  of  the  tint  to  be  used ;  when  only  th^ 
section  parts  are  to  be  colored  the  tints  should  be  quite  ligk 
because  it  is  much  easier  to  obtain  an  even  wash  and  a  softci 
and  more  artistic  effect.  Before  applying  the  color  the  draw- 
ing board  should  be  cleared  of  drawing  instruments,  etc.,  ac 
that  it  may  be  easily  turned  to  enable  the  student  to  keef 
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the  bounding  color  line  always  to  his  left,  and  keeping  the 
brush  in  such  position  that  the  color  just  touches  the  bound- 
ing line  transfer  the  color  to  the  drawing  with  long  sweeps  of 
the  brush  until  the  surface  is  covered.  Press  out  all  color 
remaining  in  the  brush  with  the  fingers  and  apply  the  brush 
again  to  the  little  puddles  remaining  on  the  paper.  The 
brush  will  draw  it  back  into  itself  and  leave  an  even  tint  all 
over  the  section. 

Fig.  20. — This  figure  shows  a  collection  of  hatch-lined 
sections  that  is  now  die  almost  universal  practice  among 
draftsmen  in  this  and  other  countries,  and  may  be  considered 
standard. 

No.  I.  To  the  right  is  shown  a  section  of  a  wall  made  of 
rocks.  When  used  without  color,  as  in  tracing  for  printing, 
the  rocks  are  simply  shaded  with  India  ink  and  a  175  Gillott 
steel  pen.  For  a  colored  drawing  the  ground  work  is  made 
of  gamboge  or  burnt  umber.  To  the  left  is  the  conventional 
representation  of  water  for  tracings.  For  colored  drawings 
a  blended  wash  of  Prussian  blue  is  added. 

No.  2.  Convention  for  Marble, —  When  colored,  the 
whole  section  is  made  thoroughly  wet  and  each  stone  is  then 
streaked  with  Payne's  gray. 

No.  3.  Cojivention  for  Chestnut. —  When  colored,  a 
ground  wash  of  gamboge  with  a  little  crimson  lake  and  burnt 
umber  is  used.  The  colors  for  graining  should  be  mixed  in  a 
separate  dish,  burnt  umber  with  a  little  Payne's  gray  and 
crimson  lake  added  in  equal  quantities  and  made  dark  enough 
to  form  a  sufficient  contrast  to  the  ground  color. 

No.  4.  General  Convention  for  Wood, — When  colored  the 
ground  work  should  be  made  with  a  light  wash  of  burnt  sienna* 


DRAWING  AND  DESIGNING. 


INTRODUCTORY  INSTRUCTIONS.  23 

The  graining  should  be  done  with  a  writing-pen  and  a  dark 
mixture  of  burnt  sienna  and  a  modicum  of  India  ink. 
p^  No.  5.  Convention  for  Black  Walnut. — A  mixture  of 
Payne*s  gray,  burnt  umber  and  crimson  lake  in  equal  quanti- 
ties  b  used  for  the  ground  color.  The  same  mixture  is  used 
for  grsiining  when  made  dark  b)r  adding  more  burnt  umber. 

No.  6.  Convention  for  Hard  Pine. —  For  the  ground 
color  make  a  light  wash  of  crimson  lake,  burnt  umbei,  and 
gamboge,  equal  parts.  For  graining  use  a  darker  mixture  of 
of  crimson  lake  and  burnt  umber. 

No.   7.     Convention   for    Building'Stonc, —  The     ground 
tolor  is  a  light  wash  of  Payne's  gray  and  the  shade  lines  are 
.added  mechanically  with  the  drawing-pen  or  free-hand  with 
the  writing-pen. 

No.  8.  Convention^  for  Earth, — Ground  color,  India  ink 
and  neutral  tint.  The  irregular  lines  to  be  added  with  a  writ- 
ing-pen and  India  ink. 

No.  9.  ^Section  Lining  for  Wrought  or  Malleable  Iron, — 
When  the  drawing  is  Jto  be  tinted,  the  color  used  is  Prussian 
blue. 

No.  10.  Cast  Iron. — These  section  lines  should  be  drawn 
equidistant,  not  very  far  apart  and  narrower  than  the  body 
lines  of  the  drawing.     The  tint  is  PayneS  gray. 

No.  II.  Steel, — This  section  is  used  for  all  kinds  of  steel. 
The  lines  should  be  of  the  same  width  as  those  used  for  cast- 
iron  and  the  spaces  between  the  double  and  single  lines  should 
be  uniform.  The  color  tint  is  Prussian  blue  with  enough  crim- 
son lake  added  to  make  a  warm  purple. 

No.  12.  Brass, — This  section  is  generally  used  for  all 
kinds  of  composition  brass,  such  as  gun-metal,  yellow  metal. 
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bronze  metal,  Muntz  metal,  etc.  The  width  of  the  full  lines, 
dash  lines  and  spaces  should  all  be  uniform.  The  color  tint 
is  a  light  wash  of  gamboge. 

Nos.  23-20. — The  section  lines  and  color  tints  for  these 
numbers  are  so  plainly  given  in  the  figure  that  further  in- 
struction would  seem  to  be  superfluous. 

Sometimes  draftsmen  will  Crosshatch  all  the  sectional  parts 
with  a  uniform  space  and  ilne  like  that  used  for  cast  iron  and 
mark  the  names  of  the  different  materials  or  their  initials  in 
some  convenient  place  on  the  parts  themselves.  This  does 
not  look  as  well  nor  is  it  any  more  convenient  to  experienced 
men  than  the  other  method. 

CONVENTIONAL   LINES. 

Fig.  21. — There  are  four  kinds: 

(i)  The  Hidden  Line, — This  line  should  be  made  of  short 
dashes  of  uniform  length  and  width,  both  depending  some- 
what on  the  size  of  the  drawing.  The  width  should  always 
be  slightly  less  than  the  body  lines  of  the  drawing,  and   the 


(i> 
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lengtli  of  the  dash  should  never  exceed  \'' ,  The  spaces 
between  the  dashes  should  all  be  uniform,  quite  small,  never 
exceeding  y^.      This  line  is  always  inked  in  with  black  ink, 

{2\  The  Line  of  Motion, — This  line  is  used  to  indicate 
point  pat  lis.  The  dashes  should  be  made  shorter  than  those  of 
thi'  Jiidden  line,  just  a  trifle  longer  than  dots.  The  spaces 
should  of  course  be  short  and  uniform. 
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(3)  Center  Lines. — Most  drawings  of  machines  and  parts 
of  machines  are  symmetrical  about  their  center  lines.  When 
penciling  a  drawing  these  lines  may  be  drawn  continuous  and 
as  fine  as  possible,  but  on  drawings  for  reproductions  the  black- 
inked  line  should  be  a  long  narrow  dash  and  two  short  ones 
alternately.  When  colored  inks  are  used  the  center  line  should 
be  made  a  continuous  red  line  and  as  fine  as  it  is  possible  to 
make  it. 

(4)  Dimension  Lines  and  Line  of  Sectiofi, — These  lines 
are  made  in  black  with  a  fine  long  dash  and  one  short  dash 
alternately.  In  color  they  should  be  continuous  blue  lines. 
Colored  lines  should  be  used  wherever  feasible,  because  they 
are  so  quickly  drawn  and  when  made  fine  they  give  the  drr.wing 
a  much  neater  appearance  than  when  the  conventional  black 
lines  are  used.     Colored  lines  should  never  be  broken. 


CONVENTIONAL   BREAKS. 


Fig.   22. — Breaks  are  used  in  drawings  sometimes  to  indi« 
Gate  that  the  thing  is  actually  longer  than  it  is  drawn,  some* 
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times  to  show  the  shape  of  the  cross-section  and  the  kind  <A 
nuterial.     Those  given  in  Fig.  22  show  the  usual  practice. 

CROSS-SECTIONS. 
Fig.  23. — When  a  cross-section  of  a  pulley,  gear-wheel  or 
other  similar  object  is  required  and  the  cutting-plane  passes 
through  one  of  the  spokes  or  arms,  then  only  the  rim  and  hub 
should  be  sectioned,  as  shown  at  xx  No.  i  and  ss  No.  2,  and 
the  arm  or  spoke  simply  outlined.  Cross-sections  of  the  arms 
may  be  made  as  shown  at  AA  No.  2.  In  working  drawings  of 
gear-wheels  only  the  number  of  teeth  included  in  one  quadrant 
need  be  drawn ;  the  balance  is  usually  shown  by  conventional 
Jines,  e.g.,  t'b.^ pitch  line  the  same  as  a  center  line,  viz.,  a  long 
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d.»sh  ami  two  very  short  ones  alternately  or  a  fine  continuous 
re./  line. 

'llic  iiiiihiidHHt  line  (d)  and  the  root  or  bottom  line  {b)  the 
tttmi-  .IS  a  dimension  line,  viz.,  one  long  dash  and  one  short 
d.)sli  ;dti'rnatoly  or  a  fine  continuous  Hue  line.  The  eqd  ele- 
v.tlii'iiof  tlif  f:;car-tccth  should  be  made  by  projecting  only 
the  iniiiits  iif  tin;  tteth,  as  shown  at  No.  2. 

OtluT  conventions  will  be  referred  to  in  the  text  con- 
ntilrd  with  the  figuros  in  which  they  are  illustrated. 

(  .■ii\tfuitiotis, To  draw  the  curve  of  intersection  that  Is 

ioinu*'l  I'X  'I  l'''*"*^  cutting  an  irregular  surface  of  revolution. 
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Figs.    24  and   25    show  examples  of  engine  connecting- 
rod  ends  where  the  curve  /  is  formed  by  the  intersection  of 


the  flat  stub  end  with  the  surface  of  revolution  of  the  turned 
part  of  the  rod. 


Divide  the  line  AB,  Figs.  24  and  25,  into  any  number 
of  equal  parts  and  through  them  describe  arcs  cutting  the 
center  line  CD.  Through  the  intersections  of  these  arcs 
with  CD  draw  horizontals  to  intersect  the  curve  or  fillet  G. 
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Through  the  intersections  on  G  draw  perpendiculars  and 
from  the  divisions  on  AB  draw  horizontals  to  intersect  the 
perpendiculars;  these  latter  intersections  are  points  in  the 
turve  /. 

The  curve  £  can  be  found  in  a  similar  way  as  Aown  by 
the  figure. 
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Kt.j.  2().  Fig.  87. 

To  draw  the  projections  of  a  V-threaded  screw  and  its  nut 
of  3"  diam.  and  |"  pitch. 

Begin  by  drawing  the  center  line  C,  Fig.  26,  and  lay  off 
on  each  side  of  it  the  radius  of  the  screw  ij".  Draw^S 
and  6A  Draw  A6  the  bottom  of  the  screw,  and  on  AB  step 
oif  the  pitch  =  j",  beginning  at  the  point  A. 
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On  line  6D  from  the  point  6  lay  oflf  a  distance  =  half  the 
pitch  =  f ",  because  when  the  point  of  the  thread  has  com- 
pleted  half  a  revolution  it  will  have  risen  perpendicularly  a 
<listance  =  half  the  pitch,  viz.,  |". 

Then  from  the  point  6''  on  (>D  step  off  as  many  pitches  as 
may  be  desired:  From  the  points  of  the  threads  just  found, 
draw  with  the  30**  triangle  and  T-square  the  V  of  the  threads 
intersecting  at  the  points  b .  .  b .  .  the  bottom  of  the  threads. 

At  the  point  O  on  line  A6  draw  two  semicircles  with  radii 
=  the  top  and  bottom  of  the  thread  respectively.  Divide 
these  into  any  number  of  equal  parts  and  also  the  pitch  /'into 
the  same  number  of  equal  parts.  Through  these  divisions 
draw  hors.  and  pers.  intersecting  each  other  in  the  points  as 
shown  by  Fig.  26,  which  shows  an  elevation  partly  in  section 
and  a  section  of  a  nut  to  fit  the  screw.  Through  the  points 
of  intersection  draw  the  curves  of  the  helices  shown,*  usine 
No.  3  of  the  '*Sibley  College  Set"  of  Irregular  Curves. 

ELEMENTARY   MACHINE  DESIGN. 

A  machine,  according  to  Prof.  John  H.  Barr,  is  "  a 
combination  of  resistant  bodies  for  modifying  energy  and 
doing  work,  the  members  of  which  are  so  arranged  that,  in 
operation,  the  motion  of  any  member  involves  definite,  rela- 
tive, constrained  motion  of  the  others." 

In  order  to  obtain  the  most  desirable  results  in  designing 
such  a  structure  it  is  necessary  to  give  the  several  bodies 
composing  it  such  form  and  proportion  as  will  enable  them  to 
perform  their  functions  in  the  best  possible  way  and  at  the 
same  time  present  a  pleasing  appearance  to  the  experienced 
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eye.  And,  moreover,  it  must  not  be  forgotten  that  these 
desired  results  should  be  sought  with  a  due  regard  to  econamf 
of  material  and  construction. 

The  form  of  a  machine  will  probably  depend  largely  upon 
the  designer's  experience  and  his  natural  ability  or  intuition. 

The  proportion  of  the  several  parts  may  be  calculated  if 
the  opposing  forces  are  known,  but  in  many  cases  these  forces 
cannot  be  accurately  determined  and  the  designer  must  rely 
upon  the  most  approved  practice  of  the  past  had  under 
similar  conditions. 


MATERIALS  USED  IN  MACHINE  CONSTRUCTION. 

The  principal  materials  used  in  machine  construction  may 
be  divided  into  three  heads,  viz. :  Cast  Metals,  Wrought 
Metals,  and  Wood. 

CAST   METALS. 

Among  the  cast  metals  the  more  important  in  machine 
construction  are  cast  iron,  malleable  cast  iron,  cast  steel, 
brass,  copper-bronze  or  gun-metal,  phosphor-bronze,  and 
aluminum. 

Cast  Iron. — Three  kinds  of  white  cast  iron  and  three  of 
gray  are  used  in  different  ways  in  machine  construction. 
The  whitest  iron  is  very  hard  and  is  used  like  the  others  of 
its  class  for  making  wrought  iron. 

The  gray  irons  do  not  melt  as  readily  as  the  white,  but 
are  more  fluid  when  melted.  The  grayest  irons  are  the 
weakest  and  are  used  only  for  mixing  with  others  in  the 
cupola. 
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Ordinary  cast  iron  contains  from  3^  to  5^  of  carbon,  which 
in  the  white  iron  is  fully  combined  with  the  iron,  while  only 
JbiL  to  1-5^  is  combined  in  the  gray  iron  and  2.9^^  to  3.7^ 
^ows  as  graphite  crystals. 

Iron  castings  of  machine-parts  are  made  from  patterns. 
These  patterns  are  made  of  wood,  usually  soft  pine,  in  form 
exactly  like  the  castings  desired.  The  patterns  are  used  to 
make  moulds  in  sand  in  the  foundry  and  into  these  moulds  is 

» 

poured  (he  molten  iron. 

Cast  iron  after  solidifying  in  the  moulds  contracts  while 
cooling  about  f  per  foot  of  length.  To  allow  for  this  con- 
traction pattern-nlakers  use  a  special  rule  called  a  shrink-rule 
for  measuring  patterns;  it  is  \''  per  foot  longer  than  the 
standard  rule. 

Sharp  corners  in  patterns  do  not  cast  sharp  and  square  in 
the  metal,  but  come  out  ragged  and  blunt,  so  that  whenever 
possible  sharp  edges  should  be  rounded  ^nd  sharp  concave 
corners  filleted  or  partially  filled  in;  the  result  is  a  stronger 
and  better-looking  casting. 

To  avoid  irregular  internal  strains  in  iron  castings  when 
cooling  it  is  necessary  that  the  section  of  the  casting  be  made 
as  uniform  as  possible,  so  that  the  metal  may  contract  uni- 
formly throughout. 

Chilled  Castings. — Melted  gray  cast  iron  if  cooled  quickly 
retains  in  chemical  combination  a  large  amount  of  carbon 
which  otherwise  would  be  separated  from  the  casting.  The 
result  is  a  white  hard  iron  called  chilled  cast  iron.  To 
secure  this  quick  cooling  the  mould  into  which  the  metal  is 
cast  is  made  of  thick  cast  iron,  which  draws  the  heat  from 
the  molten  metal  in  much  less  time  than  does  the  sand  mould. 
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Malleable  Castings  are  made  by  putting  a  gray-iron  cast- 
ing in  a  suitable  box  and  covering  it  with  powdered  red 
hematite,  which  is  an  oxide  of  iron,  and  keeping  it  tn  a 
furnace  at  a  bright-red  heat  for  from  two  to  thirty  hours  or 
even  longer,  depending  upon  the  size  of  the  casting;  such 
castings  are  valuable  for  small  light  parts  of  machines,  because 
they  are  tough  and  strong.  Malleable  castings  can  be  worked 
like  wrought  iron,  but  will  not  weld. 

Cast  Steel  is  made  by  melting  broken  pieces  of  blister- 
steel  in  a  closed  crucible  and  casting  into  ingots. 

Brass  is  very  much  used,  because  it  is  easy  to  work,  is 
cheap,  strong,  and  tough,  and  of  a  good  color.  The  usual 
composition  of  brass  is  2  of  copper  to  i  of  zinc,  with  some- 
times a  little  lead  added. 

Muntz  Metal  is  a  brass  composition  of  3  parts  copper  to 
2  of  zinc.  It  can  be  rolled  or  forged  when  hot  and  is  used  in 
the  shape  of  bolts  and  nuts,  sheets  for  sheathing  wooden 
vessels,  and  often  takes  the  place  of  iron  or  steel  because  of 
its  ability  to  withstand  the  corrosive  action  of  water. 

Copper. — Pure  copper  with  a  small  addition  of  phos- 
phorus makes  fairly  good  castings,  but  it  is  difficult  to  obtain 
sound  castings  from  copper  alone.  Copper  has  a  reddish- 
brown  color  and  is  very  malleable  and  ductile  when  pure.  It 
can  be  hammered,  rolled,  and  forged  when  hot  or  cold;  joints 
can  be  united  by  brazing,  but  welding  is  difficult.  The 
annealing  of  iron  and  steel  is  effected  by  heating  and  slow 
cooling,  while  copper  can  only  be  annealed  by  heating  and 
quick  cooling. 

Bronze  or  Gun-metal. — The  best  composition  is  made  of 
9  parts  of  copper  to  1  of  tin.      For  bearings  designed  to  sus- 
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tain  great  pressure  very  hard  bronze  is  often  used,  in  which 
the  proportion  of  tin  is  increased  to  14  parts  with  86  parts  of 
copper. 

Phosphor-bronze. — This  alloy  is  made  by  adding  from 
25^  to  45^  of  phosphorus  to  the  common  bronze.  It  is  used  for 
many  things  in  place  of  iron  and  steel,  such  as  pump-rods, 
ship-propellers,  etc. ;  it  is  also  used  quite  largely  for  locomo- 
tive axle-bearings  and  shows  excellent  wearing  qualities. 

Babbitt-  Metal. — This  is  a  soft  white  metal  that  is  used 
quite  largely  for  lining  shaft-bearings.  ^  Its  composition  is 
usually  as  follows:  copper  4  parts,  antimony  8,  tin  24,  melted 
together,  and  before  using  this  alloy  is  melted  with  an  addi- 
tion of  twice  its  weight  of  tin  and  applied  to  the  bearings 
while  molten.  So  the  real  composition  of  the  lining  is  copper 
4,  antimony  8,  and  tin  96. 

Aluminum. — This  is  a  very  light  metal,  soft,  malleable, 
and  ductile,  and  of  a  silvery-white  color  with  a  bluish  tint. 
A  process  for  producing  it  with  comparative  cheapness  was 
discovered  in  1890,  and  since  then  its  production  has  been 
rapidly  increasing.     It  is  thoroughly  non-corrosive, 

WROUGHT   METALS. 

These  consist  of  wrought  iron  and  steel  of  various  qualities. 
Wrought  Iron  or  Malleable  Iron  is  a  white  metal  not 
easily  melted  and  is  very  strong  and  tough.  It  is  made  from 
the  white  cast  irons  by  abstracting  the  most  of  the  latter's  car- 
bon in  a  puddling-furnace.  It  is  taken  from  this  furnace  in 
large  spongy  masses  called  blooms,  and  shingled  by  repeated 
squeezing  and  hammering  and  rolled  into  what  is  known  as 
puddled  bars.     The  puddled  bars  are  then  cut   into  short 
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pieces  and  piled  into  faggots;  these  are  heated  again  and 
roiled  into  what  is  known  as  merchant  bars.  The  best  quali- 
ties of  wrought  iron  arc  piled  together,  reheated,  and  rolled 
in  the  same  way  many  times,  giving  the  iron  its  fibrous  nature 
which  makes  it  so  tough  and  strong.  A  valuable  property 
of  wrought  iron  is  that  it  can  be  welded  at  a  temperature  of 
from  1500**  to  1600°  Fahr. 

Case-hardening. — This  is  a  hardening  of  the  surface  of 
finished  parts  of  machines,  such  as  the  links,  guides,  etc.,  of 
steam-engines,  so  that  their  wearing  qualities  are  very  much 
increased.  It  is  effected  as  follows:  the  piece  to  be  case- 
hardened  is  placed  in  a  suitable  receptacle  and  surrounded  by 
bone-dust,  horn-shavings,  yellow  prussiate  of  potash,  or  any 
such  substance  that  is  rich  in  carbon,  and  heated  to  about  a 
red  heat,  when  the  wrought  iron  will  absorb  some  of  the 
carbon  surrounding  it  and  be  converted  into  steel,  which  can 
be  hardened  by  immersing  in  water. 

Steel  is  made  from  wrought  iron  by  adding  a  little  carbon 
or  from  cast  iron  by  extracting  some  of  its  carbon.  There 
iuc  three  ways  of  doing  this:  the  Bessemer,  Siemens- Martin, 
and  cementation  processes. 

lu'sst'mer  Stir/  is  made  by  pouring  melted  cast  iron  into  a 
converter  through  which  a  blast  of  air  is  forced.  In  this 
way  the  carbon  in  the  cast  iron  is  burnt  out,  leaving  almost 
puic  iron.  To  this  is  added  a  certain  quantity  of  spiegeleisen, 
wliidi  iH  a  compound  of  iron,  carbon,  and  manganese,  and 
then  the  molten  metal  is  cast  into  steel  ingots. 

Sh'PPttPtS'Martin  Steel  is  made  by  melting  wrought  iron 
i\\\K\  laj^t  iron,  or  cast  iron  and  certain  kinds  of  iron  ore, 
together  on  the  hearth  of  a  reverberatory  gas-furnace. 
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The  Cementation  Process  consists  of  embedding  bars  of 
wrought  iron  in  powdered  charcoal  in  a  fire-clay  trough  and 
placed  in  a  furnace  for  several  days  at  a  high  temperature. 
The  iron  combines  with  portions  of  the  carbon  and  forms 
blister-steel,  so  called  from  the  blisters  found  on  its  surface. 
Bars  of  blister-steel  about  i8"  long  are  then  bound  together 
by  strong  steel  wire  and  heated  to  a  welding  heat,  then 
hammered  and  rolled  into  bars  called  shear-steel. 

WOODS. 

The  woods  used  in  machine  construction  are  principally 
pine,  fir,  beech,  boxwood,  ash,  elm,  hornbeam,  lignum-vitae, 
mahogany,  oak,  and  teak. 

Pine  and  Fir  are  strong,  cheap,  and  easy  to  work,  and  are 
largely  used  for  a  variety  of  purposes. 

White  and  Yellow  Pine  are  much  used  in  pattern-making. 

Beech  is  used  for  the  cogs  of  mortise-wheels;  it  takes  a 
smooth  surface  and  is  very  close-grained. 

Boxwood  is  much  used  for  sheaves  of  pulley-blocks  and 
bearings.  It  takes  a  smooth  surface,  is  hard,  heavy,  and  of 
a  bright-yellow  color. 

Elm  is  very  durable  in  water,  and  is  therefore  used  for 
paddle-wheel  floats,  piles,  etc. 

Hornbeam  is  often  used  for  cogs  of  mortise-wheels. 

Lignum-vitae.  —  This  is  a  very  hard  wood  of  great 
strength  and  durability  under  water.  For  these  reasons  it  is 
used  for  bearings  under  water  and  other  purposes  requiring 
hardness  and  strength.  Its  specific  gravity  is  1.33;  i.e.,  i^ 
times  the  weight  of  the  same  volume  of  water. 

Mahogany  is  a  favorite  for  making  small  patterns.     It  is 
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straight-grained,  strong,  and  durable,  and  does  not  as  readily 
change  its  form  when  seasoning  as  most  other  woods. 

Oak  is  tough  and  straight-grained,  very  durable,  whether 
used  dry  or  in  water.  It  is  used  for  machine-framing  and 
supports. 

Teak  is  a  strong,  tough,  durable  wood.  It  shrinks  very 
little  when  seasoning,  and  is  very  valuable  on  that  account. 
Bolts  passing  through  it  are  prevented  from  rusting  by  the  oil 
it  contams. 


STRENGTH   OF   MATERIALS. 
DEFINITIONS. 

Load. — The  load  on  any  member  of  a  machine  is  a  total 
of  the  external  forces  acting  on  it.  The  useful  load  is  the 
load  which  the  member  is  designed  to  carry  outside  of  itself; 
e.g.,  the  useful  load  on  the  springs  of  a  railway-car  is  the  load 
which  may  be  placed  upon  the  car  in  addition  to  the  load 
arising  from  the  weight  of  the  car  itself.  A  live  load  is  a 
variable  load  applied  and  removed  continuously.  A  dead 
load  or  constant  load  is  that  which  has  an  unvarying  and 
continuous  straining  action. 

Strain  and  Stress. — Strain  is  the  change  of  form  pro- 
duced by  the  action  of  a  load.  If  the  load  does  not  exceed 
the  clastic  limit  of  the  material  the  strain  will  disappear  when 
the  load  is  removed.  Machine-members  should  be  designed 
strong  enough  to  resist  permanent  set  under  maximum  load. 

Stress  is  the  force  which  causes  strain.  The  diflferent 
kinds  of  stress  arc:  tensile  stress  or  pull,  compressive  stress  or 
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thrust,  shearing  stress  or  cross-cutting,  bending  or  combined 
thrust  and  pull,  and  torsional  or  twisting  stress. 

Resistance  of  metal  to  change  of  form  is  due  to  the 
inherent  cohesive  force  of  its  molecules. 

Elasticity  or  spring  is  the  inherent  property  in  a  material 
of  regaining  original  form  after  an  external  load  has  been 
removed. 

Elastic  Limit. — The  elastic  limit  is  the  limit  of  extension 
or  compression  to  which  a  material  can  be  subjected  without 
permanent  set.  Within  the  elastic  limit  strain  and  stress  are 
proportional. 

Modulus  of  Elasticity.  —  Dr.  Thomas  Young  of  the 
British  Royal  Society  propounded  the  following  formula  for 
the  modulus  of  elasticity  {E)  in  1826,  known  as  '*  Young's 
Modulus  '*: 


£  = 


stress  per  sq.  in.  in  lbs.   ,    .  ,  .      ,       ,      .    ..    .  ^ 

~: — ' : — i^ — n rr  (withm  the  elastic  limit), 

strain  per  inch  of  length  ^  ^ 


TABLE    1. 
Elastic  Moduli. 


Material. 

Modulus  of 
Elasticity. 

Material. 

Modulus  of 
Elasticity. 

Wrought  iron,  bars. . . . 
Wrought  iron,  plates.. 
Cast  steel 

1 

29,000,000 
26,000,000 
30,000,000 
36,000,000    i 
30,000,000 
31,000,000 
17,000,000    1 
12,000,000    j 
14,000,000    ' 
12,000,000    ' 
720,000    1 

Pine,  average 

Beech   

1,500,000 
1,350,000 
I  fino  ono 

Boxwood 

Cast  steel,  tempered... 
Forflred  steel «... 

Ash 

I  60C")  000 

Elm 

900,000 
1,000.000 
1,300,000 
1,700,000 
2,300,000 
24,500 
8,000,000 

Steel  olates 

Lignum-vitae 

Mahogany 

Oak.  Enfiflish 

Cast  iron,  average 

Brass  and  bronze. « •  *.. 

Muntz  metal 

Teak 

Copper,  average 

Lead    sheet 

Leather 

Glass,  olate 

Ultimate  Strength  is  the  smallest  load  that  will  fracture 
a  member  under  stress. 
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The  Proof  Strength  is  nearly  equal  to  the  load  that  will 
cause  permanent  set;  i.e.,  to  the  maximum  elastic  resistance. 

The  Factor  of  Safety  is  the  ratio  of  the  ultimate  strength 
of  a  member  to  the  working  load,  or  the  breaking  load  to  the 
actual  load.  The  factor  of  safety  changes  for  different 
materials  and  for  different  uses  of  the  same  material.  It  is 
of  course  much  greater  under  live  loads  than  under  constant 
dead  loads. 

The  following  table  gives  the  ordinary  factors  of  safety  in 
general  use: 

TABLE  2. 
Factors  of  Safety. 


Material. 


Cast  iron 

Wrtju^ht  iron 

Mild  steel 

CJast  steel 

(Jr)|)pcr  and  similar  metals  and  alloys 

Wood 

Urick  and  stone 


Ratio  of  Ultimate  Load  to  Workiag  Load. 


Dead  Load. 


4 
3 
3 
3 
5 
8 

lO 


Live  Load. 


Shocks. 


7 
5  to  8 

5  to  8 

5  to  8 

8 

lO 
20 


15 

9  to  13 

9  to  13 

10  to  15 

10  to  15 

14  to  18 

30 


Strength  of  Cast  Iron. — The  average  American  cast  iron 
lias  a  tenacity  of  about  20,000  lbs.  per  sq.  in.,  but  cast  iron 
h.'is  bLcn  made  which  showed  an  ultimate  tensile  strength  of 
35,000  lbs.  per  sq.  in. 

The  ultimate  compressive  strength  of  Cast  iron  is  from  4  to 
G  limes  its  tenacity, — the  average  is  about  90,000  lbs.  per  sq. 
in,^ — and  the  average  shearing  strength  is  about  20,000  lbs. 
per  srj.  in.  The  elastic  limit  of  cast  iron  is  from  \  to  nearly 
ccjual  to  the  breaking  strength. 
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Strength  of  Wrought  Iron. — The  elastic  strength  of 
wrought  iron  is  usually  over  half  its  ultimate  strength ;  good 
bars  and  plates  will  show  an  elastic  limit  of  about  26,000  lbs. 
In  ascertaining  the  strength  of  a  particular  piece  of  wrought 
iron  it  will  be  necessary  to  know  the  elongation  per  cent  of 
specimen.  The  elongation  is  greater  for  short  than  for  long 
specimens.  The  usual  length  of  specimens  for  tensile  test 
is  8".  Wrought  iron  loses  its  strength  in  forging;  this  loss 
of  strength  is  equal  to  about  20<^.  The  difference  between 
the  strength  of  wrought  iron  when  pulled  against  the  grain 
and  in  the  direction  of  the  grain  is  from  3000  to  9000  lbs.  per 
sq.  in.,  the  strength  in  the  direction  of  the  grain  being  the 
greater.  The  tensile  strength  of  wrought  iron  varies  from 
40,000  to  60,000  lbs.  per  sq.  in. 

Strength  of  Steel. — The  steel  cast  from  blister-steel  is 
the  strongest,  having  a  tensile  strength  of  from  100,000  to 
130,000  lbs.  per  sq.  in.,  but  it  is  hard  and  brittle,  with  an 
elongation  of  only  about  5^.  It  is  therefore  unsuitable  for 
constructive  purposes.  A  good  plate  steel  for  steam-boilers 
has  a  tensile  strength  of  from  55,000  to  60,000  lbs.,  with  an 
elongation  of  about  20^  in  a  length  of  8''. 

The  following  tables  were  compiled  after  consulting 
various  authorities;  e.g.,  Thurston,  Unwin,  Kent,  Moles- 
worth,  etc. 


"J) 


,A      ^. 


40 


•      J 
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TABLE  3. 


AvKRAGE  Ultimate  and  Elastic  Strength  of  Various  Materials  an; 
Moduli  of  Elasticity  in  Pounds  per  Square  Inch. 


'I 


Uliimaie  Strength. 


Elastic  Strensrth. 


Material. 


Cast  iron,  common. 
Wrought  iron,  bars.,, 
Wrought  iron,  plates, 
Wrought  shape  iron. 
Wrought     stay  •  bol 

iron 

Wrought  rivets  . . 
Malleable  cast  iron.. 

Cast  steel 

Soft-steel  plates... 

Steel  rivets 

Cast  copper 

Forged  copper  . . . 

Brass,  yellow 

Gun-metal    

Wood,  pine 

Wood,  oak,  English 

t-eather 

btone 


c 
,0 
*5 

c 
%t 


ao,ooo 
50,000 
48,006' 
48,000" 

51.000 
50,000 
32.000 

55.000 
52.665 
23,000 
34.000 
17.500 
36,000 
I3.000 
15,000 

4,aoo 


c 
0 

'«?, 
at 
V 

u 

a 

a 

o 


90,000 
48,000 
46.000 
46,000 

49,000 
48,000 

125,000 
66,000 
50,000 
45.000 
58,000 
10,500 


6,000 
10,000 


6,000 


c 

U 
(« 


c 
o 
"5 

c 

H 


a 
o 


u 

a 

a 

o 
u 


20,000 

40,000 
38.000 
38,000 

40,000 
38,000 
38,000 
64.000 
50,000 
45iOoo 


650 
2,300 


xa,ooo 
26.000 
26,000 
26,000 

28.000 

26,000 

23.500 

70,000 

32,000 

29,000 

5,900 

4.500 

7,000 

6,200 


23,000 

26,000 
26,000 
26,000 

28,000 
26,000 
27,000 


4,000 


a 

•mm 


9,000 
22.000 
22,000 
22,000 

24,000 
22,000 
20.000 
64,000 
25,000 


3.000 

5.aoo 
4.aoo 


E. 

With  the 
Grain. 


15,000,000 
29,000,000 
29,000,000 
29,000,000 

29,000,000 
29.000,000 
24,500,000 
30.000.000 
30,000.000 
29,000,000 


15,000,000 
9,200,000 

10,000,000 

1,600,000 

1,700,000 

95,000 


Trans- 
▼erae. 


7,oao,c 
io,50o,c 
to,oao,c 
io,ooo,c 

io,ooo,€ 
to,oco,c 
«3«50o.c 
ii,ooo,c 
ii,ooo,c 
io,50o,c 

6,oo>,< 

3»50o,c 

4,ooo,c 

oo,C 

8«/ 


.1 


Wrought  Iron  has  a  specific  gravity  of  7.5  to  7.8  accon 
ing  to  its  chemical  composition  and  physical  structure. 

Cast  Iron  has  a  specific  gravity  of  7.25. 

The  tensile  strength  of  metals  varies  with  their  temper 
ture,  generally  decreasing  as  their  temperature  is  increased. 


■| 
.i 


Lead  .  .  •  . 
Tin  .  .  .  . 
Zinc  .  .  .  . 
Worked  copper 


TABLE  4. 
Relative  Tenacities  of  Metal.    (Thurston.) 

Cast  iron  .     .     .     , 


.  i.o 

.  1.3 
.  2.0 

12  to  20 


Wrought  iron 
Steel    .     •    • 


.  7  to  13 
.  20  to  40 
.  40  to  100 


USEFUL   TABLES   AND   MISCELLANEOUS 

INFORMATION. 


WEIGHTS   AND    MEASURES. 


Avoirdupois  or  Commercial 
Weight. 

l6  drachms      .     .     .     .  i  ounce. 

i6  ounces i  pound. 

14  pounds I  stone. 

28        **        I  quarter. 

4  quarters      .     .     .     .   i  cwt. 
S240  pounds   .     .     .     .     .1  ton. 


Square  Measure. 


144  square  inches 

9       "        feet 

30^     •*       yards  . 

40       **       rods     . 

4       "       roods  . 

640       **       acres   . 


square  foot, 
yard, 
rod. 
rood, 
acre, 
mile. 


li 


•I 


«i 


(< 


Measure  of  Volume. 


A  cubic  foot  has 

An  ale  gallon  has 

A  standard  or  wine  gallon  has 

A  dry  gallon  has •     . 

A  bushel  has 

A  cord  of  wood  has 

A  perch  of  stone  has 

A  ton  of  round  timber  has 

A      *•      hewn         "        "        

A  box  iqI    X  19I  inches,  19!  inches  deep,  contains 

12H     -       12H 
8i       *•         8  J 

4A     "         4A 
An  acre  contains 

909  feet  long  by  209  feet  broad  is 


1728  cubic  inches. 
282 


if 


<« 


(I 
•I 


«< 


f  ( 


(< 


feet. 


It 


A 
A 
A 
A 


«t 


tt 


«( 


«* 


■SI 


I 


6A 
4A 


X 
X 
X 
X 


«« 


»* 


(( 


«f 


<• 


*f 


«* 


231 

268.8  *' 

2150.4  '* 
128 

24.75' 
40 

50 

I  barrel. 
I  bushel. 
I  peck. 

I  quart. 
4840  square  yards. 
I  acre. 


Table  of  Distance. 


A  mile  is    .  .  . 

A  knot  is    .  .  . 

A  league  is  .  . 

A  fathom  is  .  . 
A  metre  is  nearly 

A  hand  is  .  .  . 

A  palm  is  .  .  . 

A  span  is   .  .  . 


5280  feet  or  1760  yards. 
6086  feet. 

3  miles. 
6  feet, 

3  feet  3I  inches. 

4  inches. 

3 
9 


i< 


Measure  of  Length. 


12  mcties 
3  feet  . 
2  yards 

i6|  feet . 


I  foot. 
I  yard. 
I  fathom. 
z  rod. 


4  rods .     . 
10  chains   . 
8  furlongs 
3  miles 


X  chain. 
I  furlong. 
I  mile. 
z  league. 
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Each  nominal  horse-power  of  boilers  requires  i  cubic  foot  of  water  per 
hour. 

In  calculating  horse-power  of  steam-boilers  consider  for — 
Tubular  boilers  15  sq.  ft.  of  heating-surface  equivalent  to  i  horse-power. 
Flue  boilers  Z2  sq.  ft.  of  heating-surface  equivalent  to  i  horse-power. 
Cylinder  boilers  10  sq.  ft.  of  heating-surface  equivalent  to  i  horse-power. 

To  find  the  area  of  a  piston ^  square  the  diameter  and  multiply  by  .7854. 

To  find  the  pressure  in  pounds  per  square  inch  of  a  column  of  water, 
multiply  the  height  of  the  column  in  feet  by  .434. 

A  horse-power  in  machinery  is  estimated  at  33,000  pounds  raised  one 
foot  high  in  a  minute,  or  one  pound  raised  33,000  feet  high  in  a  minute. 

Iron  under  the  influence  of  the  hammer  and  of  constant  use  gradually 
assumes,  by  repeated  vibration,  a  dififerent  texture  from  that  it  had  when 
the  piece  was  new.  The  metal  becomes  crystalline,  loses  its  tenacity, 
and  becomes  brittle. 

WEIGHT   OF   WATER. 

One  cubic  foot  at  39.1*  F.  =  62.425  lbs.,  at  212°  F.  =  59.833.  At  62"  F. 
the  weight  varies  from  62.291  to  62.360.  The  figure  generally  believed  to 
be  the  most  accurate  is  62.355.     Weight  of  i  gallon  at  39.2"  =  8.3389  lbs. 

WEIGHTS   OF   CAST-IRON   WATER-PIPES. 
In  Pounds  per  Foot  Run,  Including  Bells  and  Spigots. 


Diameter. 


Philadelphia        Chicago 
Water-works.  Water-works. 


3-inch. 
3 


4 

6 

8 

10 

13 

l() 

3() 

34 

.V> 
1(» 


II 

•  I 
i( 
1 1 
1 1 

•  I 
II 
1 1 

•  I 
>  I 


.  .  .  . 


. .  . . 


15.000 
21. Ill 
30.  106 
40.683 
52.075 
69.162 
102.522 
147.681 


24.167 
36.666 
50.000 
65.000 

83.333 
125.000 

250.000 


450.000 


Cincinnati. 


Weight. 


17 
23 
50 

65 
80 

100 

130 
200 

224 

300 

430 


Thickness. 


II 


r 

II 

\" 

II 
11 
II 
ii 

t" 

II 


i' 


ii" 


Regular 
Standard. 


7 
15 
22 

33 
42 

60 

75 


Light. 


6 

13 
20 

30 

40 

55 
70 


Wiilrr-pipe  is  usually  tested  to  300  pounds  pressure  per  square  inch 
bffoir  (Irllvcry,  and  a  hammer  test  should  be  made  while  the  pipe  is  under 

pirNHurc. 

Thr  Cincinnati  lengths  are  uniform  for  all  diameters,  12  feet  exclusive 

of  bril. 

Standard  lengths  are  for  2-inch  pipe  8  feet,  and  all  other  sizes  12  feet. 
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THICKNESS   OF  CAST-IRON   WATER-PIPE. 

The  following  formula,  adapted  from  Neville,  is  believed  to  be  a  safe 
equation  for  the  thickness  of  cast-iron  pipe  for  public  water-supply: 


=  \\  -ooi^f—  +  loj^     4-  .32. 


where  /  =  thickness  of  pipe  in  inches, 

h  =  head  or  pressure  in  feet, 

d  =  diameter  of  pipe  in  inches, 

S  =  the  tensile  strength  of  metal  in  tons  of  2000  pounas. 
What  should  be  the  thickness  of   a  20-inch  water-main  subject  to  a 
maximum  pressure  of  150  pounds  per  square  inch,  or  150  X  2.308  =  346.a 
feet  head,  with  cast-iron  of  18,000  pounds  tensile  strength  ? 


=^[. 


/346.2 


)x-] 


+  .32  =  .975/'- 


What  should  be  the  thickness  of  40-inch  pipe  for  same  service  and  of 
lame  metal  ? 

/  =  ^  X  I  -oo'^f  ^  -f  loj  X  40  I  4-  -32  =  1.6313" 

The  speed  at  which  millstones  should  be  run  is 

For  3-feet  stones 230  to  250  revolutions  per  minute. 


f  ( 


200 
180 


It 


(« 


44 


•  4 


•  • 


41 


II 


II 


II 


II 


II 
14 
II 


II 


II 


II 


4i  ••         ••  160 

Speed  of  bolting-reels 30  to  35 

•*  conveyers  for  flour    .     .     .     .  35  to  40 
*•  •*  •*    wheat      .     .     .  45  to  50 

**  elevators .  30  to  35 

"  smut-machines  from  550  to  700  revolutions  per  minute,  accord- 
ing to  size  of  machine. 

For  merchant  mills  allow  20  horse-power  to  a  pair  of  burrs  (4  feet),  and 
the  necessary  machinery  for  cleaning  and  bolting:  and  for  country  mills 
about  10  horse-power  to  a  pair  of  burrs. 

For  a  single  upright  saw  allow  10  horse-power,  speed  about  150  revolu- 
tions per  minute. 

For  circular  saws  the  best  average  working  speed  is 


650  to  700  rev.  per  min.  for  36-in.  saw. 


40 


II 


II 


42 


ii 


II 


II 


•i 


«• 


600  to  650  "  "  ** 
55010600  ••  "  " 
525  to  550    •'      ••      •'      •*  44 

A  60-saw  gin  requires  6  horse-power  to  gin  500  pounds  of  lint  in  2  hours. 

A  sumac-mill  requires  15  horse-power. 


500  to  525  leV.  per  min.for48-in.saw. 
475  to  500    ••      ••      ••      •*   54  *'     " 

40010450    *•      •'      **      ••  60  *• 
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DRAWING  AND   DESIGNING. 


To  reduce  for  round  cores  and  core-prints^  multiply  the  square  of  the 
diameter  by  the  length  of  the  core  in  inches,  and  the  product  by  0.017  ^ 
the  weight  of  the  pine  core,  to  be  deducted  for  the  weight  of  the  pattern* 


Pattern-maker's  rule 
should  be  for 


SHRINKAGE  OF   CASTINGS. 

Cast  iron  ....     1/8     a 

^11^^ ?^J^  (  of  an  inch  longer  per 

xt:'  :  :  :  :  :  x%  f  >--^  ^o-^- 

Zinc 3/16  J 


PROPERTIES   OF   THE  CIRCLE. 

Diameter    X  3.14159  =  circumference. 
Diameter    X    .8862    =  side  of  an  equal  square. 
Diameter    X    .7071    =  side  of  an  inscribed  square. 
Diameter*  X    .7854    =  area  of  circle. 
Radius        X  6.28318  =  circumference. 
Circumference  -t-  3.14159  =  diameter. 


WROUGHT-IRON   WELDED   TUBES   FOR   STEAM.   GAS,   OR 

WATER. 


Nominal 

Actual  Inside 

Actual  Outside 

Thi/^lrn^^ctt 

Wei|{ht  per 

No.  of  Threads 

per  Inch  of 

Screw. 

Diameter. 

Diameter. 

Diameter. 

k  uic&iiwas. 

Foot  of  Len{^h. 

Inches. 

Inches. 

Inches. 

Inches. 

Pounds. 

i 

.270 

.405 

.068 

.243 

27 

\ 

.364 

•54 

.088 

.422 

18 

I 

.494 

.675 

.091 

.561 

18 

i 

.623 

.84 

.109 

.845 

14 

1 

.824 

1.05 

.113 

1. 126 

14 

I 

1 .  048 

1.315 

.134 

1.670 

Hi 

It 

1 .  3^o 

1.66 

.140 

2.258 

Hi 

1 

1. 61 1 

1.9 

.145 

2.694 

Hi 

3 

2.067 

2.375 

.154 

3.667 

"i 

'^k 

2.468 

2.875 

.204 

5.773 

8 

w 

1 

3.067 

3.5 

.217 

7-547 

8 

3.54« 

4.0 

.226 

9055 

8 

4 

4.026 

4-5 

.237 

10  728 

8 

4i 

4 .  5*>^ 

5.0 

.247 

12.492 

8 

f  1 

5.045 

5.5^3 

.259 

14.564 

8 

.  I 

6.o<)5 

6.625 

.280 

18.767 

8 

7 
M 

7.023 

7.625 

.301 

23.410 

8 

7.982 

8.625 

.322 

28.348 

8 

In 

(>.(M)1 

9.688 

•344 

34.077 

8 

10. OK) 

10.75 

.366 

40.641 

8 

USEFUL   TABLES  AND   MISCELLANEOUS  INFORMATION.   45 

DIFFERENT  COLORS   OF    IRON   CAUSED    BY   HEAT.   (Pouillit.) 

Cm.  Fahr.  Color. 

110*  4iq'  ,     .     ,     .     Pale  yellow. 

Mt  430    ...     .     Dull  yellow. 

Vf>  493     •     .     .     -     Crimson. 

»*'  5021       .     .     .     Violei.purple.anddullblue;  betweena6i*a 

jjo  680  (  and  370*  C.  u  passes  10  bright  blue,  to  sea- 

green,  and  then  disappears. 
500  933    ...     .     Commences  10  be  covered  with  a  light  coat- 

inB  of  oxide;  loses  a  good  deal  of  ita 
hardness,  becomes  much  more  Impressible 
to  the  hammer,  and  can  be  twisted  with 


977    .     . 

.     Becomes  nascent  red 

139a    .     . 

.     Sombre  red. 

147a     ■     - 

.    Nascent  cherry. 

I6S7    .     . 

.     Cherry. 

183a     .     . 

.     Bright  cherry. 

aoia    .    . 

.     Dull  orange. 

aiQa    .    . 

.     Bright  orange. 

2373    .    . 

.     White. 

»552    .     . 

.     Brilliant  white-weld 

»73»(.     . 

.     Dazzling  white. 

TABLE  OF  DECIMAL  EQUIVALENTS  OF  ONE  INCH. 


1/64 

.015633 

.7/64 

.265635 

33/64 

.515625 

49/64 

.765625 

./3a 

.03115 

9/32 

.IS125 

17/32 

-53'25 

.78.25 

3/64 

.046875 

19-64 

.296875 

35/64 

.54687s 

.79687s 

1/16 

.o6a5 

S/I6 

.3135 

9/16 

■5625 

13/18  1 

.flias 

5/64 

.078  H5 

21/64 

.328125 

37/64 

.578135 

53/64 

.82812s 

3/31 

■09375 

11/32 

■34375 

K./32 

■  59375 

37/32 

■84375 

7/64 

- 103375 

13/64 

■359375 

39/64 

■609375 

55/64 

-85937S 

1/8 

.125 

3/8 

■375 

5/8 

.625 

7/8 

■87s 

9/64 

. 1406J5 

15^64 

.390625 

4>/64 

.640625 

37/64 

.890625 

S/3« 

.15625 

!3/3l 

.40625 

21/3= 

. 65625 

39/32 

.90635 

n/64 

.171875 

27/64 

.421875 

43/64 

■671875 

59/64 

■921875 

3/ '6 

.1875 

7/16 

■4375 

11/16 

■6875 

15/16 

-9375 

13/64 

.ao3"5 

29/64 

■453125 

45/64 

.70312s 

61/64 

■953125 

7/3a 

.11875 

15/32 

.46B75 

13/33 

■71875 

31/32 

.96875 

»S/c>4 

■234375 

31/64 

.484375 

47/64 

■734375 

63/64 

■98437s 

»/4 

.«s 

1/3 

.50 

3/4 

■75 

'          1 
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DRAWING  AND  DESIGNING, 


MELTING-POINT  OF  METALS,  ETC. 


Names.  Pahr. 

Platinum 3227® 

Antimony 842 

Bismuth 509 

Tin 442 

Lead  .....' 617 

Zinc 779 

Cast  iron 2100 


Names.  Pahr. 

Wrought  iron   ...  ...  2900* 

Steel,  hard 2588 

Copper 1931 

Glass 2012 

Beeswax 151 

Sulphur 239 

Tallow 92 


TABLE  5. 

Weight  of  Various  Substances. 

Rule. — Divide  the  specific   gravity  of  the   substance   by  16  and    the 
quotient  will  give  the  weight  of  a  cubic  foot  of  it  in  pounds. 


Substances— Metals. 


Aluminum 

Brass,  plate 

Brass,  wire 

Bronze,  gun-metal... 

Copper,  cast 

Copper,  plates 

Copper,  wire 

Iron,  cast 

Iron,  cast,  gun-metal 
Iron,  wrought  bars.. 
Iron,  rolled  plates... 


o  2 


2.560 
8.380 
8.214 
8.700 

8.788 
8.698 
8.880 
7.207 
7.308 
7.788 
7.704 


n  u 
v.  C 


.0926 

.3031 
.2972 

.3147 

.3179 
.3146 

.3212 

.2607 

.264 

.2S17 

.2787 


Su  bstances— Metals. 


Lead,  cast 

Lead,  rolled 

Mercury,   -{-32" 

Mercury,         60" 

Mercury,       212** 

Steel,  plates 

iSteel,  soft 

'Steel,  wire 

!  Tin,  Cornish,  hammered 

,Zinc,  cast 

Zinc,  rolled 


11.352 
11,388 

13.598 
13.580 

13.370 
7,806 

7.833 

7.847 

7.390 
6,861 

7.I9I 


n  ^ 

<>.  a 
o«-i 


.4106 

.4119 

.4918 
.4942 

.4836 

.2823 

•2833 
.2838 

.2673 
.2482 

.26 


TABLE   6. 
Weight  of  Timber  ter  Cubic  Foot. 


Ash 46  lbs. 

Hc<-<h 44 

Blrrh 45  " 

Hnx wood 62  *' 

r.Irn 34  " 

I,ur(h 34  '• 

I.iniiijrij-vita; 80 


(  c 


(< 


«« 


Mahogany,  Honduras   .     .     35  lbs. 
*'  Spanish  ...     53 

Oak,  English 54 

Pine,  red 30  to  44  ** 

**      yellow      .     .     .     .    29  to  41  •* 
"      white 30 

Teak 41  to  55 


t§ 


USEFUL    TABLES  AND   MISCELLANEOUS  INFORMATION.   A,7 


DiaiB. 

Circum. 

Ar... 

DUm. 

Circum. 

A.ea. 

Dtan. 

Citcum. 

A«. 

■  /S. 

^^ 

«».4 

1  ../.6 

«.44,= 

s.67^ 

Bj/J 

■0813 

■/3» 

.c^.a 

V4 

8-639* 

(-939« 

3/4 

•d6 

»'J5J 

3/64 

I(M6 

'3/.6 

S.Bjj, 

«.III« 

7/8 

S9S 

..^3, 

i 

s 

7/» 

■s/.s 

9-4"49 

'■"!■ 

V, 

s 

ii 

3/.6 

:«?«J 

^     ./.d 

J'jtSt 

3/B 

,69 

»/!> 

.037S8 

i/B 

7.6699 

St. 

./4 

11"° 

.04909 

y.6 

J/B 

4j:S«4 

«/}» 

.rfaij 

1/4 

i:'9ia 

3/4 

347 

S/'S 

:4"[ 

s/i6 

8.6.79 

7/ a 

,09.8. 

ye 

.0.603 

a.m6> 

'1^ 

I:tjn 

7/'6 

"Uf 

1 

JO.. 6s 

..=7*3 

:»^ 

'/' 

Z.I96 

S»J 

51   B4* 

.'a 

;;;a 

J'^i' 

'0. 

:i 

9<S 

g::S 

!>va3! 

ii.jKs 

loX 

g::s 

■>-ll-s' 

,'u^ 

.».M 

"lA 

■■.78, 

.1.04s 

j/a 

096 

9/>e 

■■7*7" 

.Ms- 

>1.(t« 

3/4 

4S9 

6o..3> 

I«/J3 

i.Mj, 

.^«ag 

'l/i 

7/8 

6I.S6. 

i'S 

'.963! 

.,0680 

.J/.< 

•■/J. 

1.061J 

-338'* 

6J.6.7 

../.6 

..lisS 

4 

...5M 

.i.S« 

./H 

6*7 

4S-397 

•K- 

Vi« 

".76a 

I..96. 

•/* 

O&l 

.ijse. 

1/8 

■3.J6. 

•/I 

I5/i' 

:!K 

V>« 

'3-77" 

843 

.1^.6 

■/4 

U-1B6 

5/B 

,38 

71.760 

S/.6 

13.  MB 

M.607 

3/4 

63. 

S:S 

*l'/'i 

rs**? 

3/8, 

■S-033 

sa; 

•.ss 

,/.« 

■^■37 

.S  466 

'S-904 

la 

3> 

416 

7B.S40 

3'/3« 

3<H3* 

.73708 

s/a 

m's3^ 

•ic 

■/8 

!• 

S09 

£1:! 

./t« 

j'iSn 

:& 

'1/4 

14  J.6 

W'l" 

i2 

1' 

i 

as 

t/g 

|:g 

Xi/,t 

S/8 

88.664 

3/ti 

7/8 

iB.U; 

3/4 

T.:S 

'/* 

.s/<« 

7/8 

.«s 

i/>6 

i-ijjo 

3/t 

::j:s 

1.4349 

.S.708 

>9.*33 

ss« 

1M 

..«.3G 

./,S 

•o.»9 

'/» 

;/. 

..7*7' 

'/^S 

>/4 

343 

99.40. 

•/■« 

t.goa? 

II. m 

3/8 

3S 

736 

10I.6. 

s/i 

1/4 

■6,4M 

...6,8 

36 

103.87 

ii/iG 

..=3«j 

;i:a 

31. iM 

S/8 

3fi 

3/4 

s-4<»a 

J/B 

,..69, 

3/4 

36 

^ 

<°B^3 

,|/.6 

!-««■ 

=:Sa^ 

7/S 

T/» 

S.8!»( 

..j6.. 

Ia 

ll'.',% 

.j/.(i 

C.dSM 

I.94B3 

9/>fi 

.4.301 

699 

i/8 

17.67. 

M-»!f 

./» 

38 

I/.6 

6..83. 

iit't 

ilS 

.  .S-4oe 
>  5.967 

,■;« 

i 

i 

..7.86 

I.O.lS 

1/8 

6.*7i9 

3:5466 

Ij/.fi 

■6.5JS 

170 

6-8j» 

J7S83 

T/8 

■  7.109 

663 

l/« 

VJftS4 

lS.6jl 

.7.6SB 

J/16 

7..649 

J/8 
7/ 16 

;'€! 

tj^el 

*    ,/a 

iB.gso 

E9  46S 

?:^l* 

8.0iO3 
8., 467 

4.9087 

i;; 

iiS! 

33^8, 

To  find  the  vKighl  of  cat 
-weight  of  the  pattern  by  la  fo 
14.4  for  zinc,  and  the  product  i 


ings  by  the  weight  of  pin 
■  cast  iron,  13  for  brass,  1 
I  the  weight  of  the  casting. 


e  fatUrns,  multiply  the 
19  for  lead,  11. a  for  tin. 
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DRAWING   AND   DESIGNING. 


Number. 

Square. 

Cube. 

1     Square  Root. 

Cube  Root. 

.1 

.01 

.001 

,3162 

-4642 

•15 

/>225 

.0034 

•3873 

•5313 

.2 

.04 

.008 

-M72 

.584a 

.25 

.0625 

.0156 

.SCK> 

.6jco 

.3 

.09 

.027 

.5477 

.6694 

•3^ 

.1225 

.0429 

.5916 

.7047 

•4 

.16 

.064 

•6325 

.7368 

•45 

.2025 

.0911 

.6708 

.7663 

.5 

.25 

.125 

.7071 

.7937 

•55 

•3025 

.1664 

.7416 

.8193 

.6 
.65 

•36 
•4225 

.216 
.2746 

•7746 
.8062 

.»434 
.8662 

•7 

•49 

.343 

•8367 

.8879 

•75 

•5625 

.4219 

.8660 

.9086 

.8 

.64 

.512 

.8944 

.9283 

.«5 

.7225 

.6141 

.9219 

•9473 

•9 

.81 

.729 

-9487 

•9655 

•95 

•9025 

.8574 

•9747 

.9830 

I 

I 

X 

x.oooo 

1.0000 

3 

4 

8 

1. 4142 

»-2599 

3 

9 

27 

1. 7321 

1.4422 

4 

16 

64 

2.CXX)0 

i^5874 

5 

25 

125 

2.2361 

1.7100 

6 

36 

216 

2.4495 

1.8171 

7 

49 

343 

2.6458 

1.9129 

8 

64 

512 

2.8284 

2.0000 

9 

81 

729 

3.0000 

2.0801 

10 

I  00 

I  cxx> 

3-»623 

2.1544 

II 

I  21 

I  33« 

3^3  >  66 

2.2240 

12 

I  44 

I  728 

34641 

2.2894 

13 

I  69 

2  197 

3^6056 

2.3513 

»4 

I  96 

2  744 

3-7417 

2.4  lOI 

15 
16 

2  25 

3  375 

3.8730 

2.4662 

2  56 

4  096 

4.0000 

2.5198 

17 

2  89 

4  9'3 

4.1231 

2.57>3 

18 

3  24 

5  832 

4.2426 

2.6207 

*9 

36. 

6  859 

4-3589 

2.6684 

20 
21 

4  00 
4  4» 

■   8  000 

4.4721 
4.5826 

2.7144 

9  261 

2.7589 

22 

4  84 

10  648 

4.69*H 

2.8020 

23 

5  29 

12  167 

4.7958 

2.8439 

24 

5  76 

13  824 

4.8990 

2.8845 

2.«; 
'26 

6  25 
6  76 

15  625 

5.0000 

2.9240 

16  576 

5.0990 

2.9625 

27 

7  29 

19  683 

5.1962 

3.0000 

28 

7  84 

21  952 

5-29»5 

3.0366 

29 

8  41 

24  389 

5.3852 

3-0723 

.10 
.^1 

9  00 

27  000 

5-4772 

3.1072 

9  61 

29  791 

5-5678 

3.MI4 

.w 

10  24 

32  768 

56569 

3.1748 

^^ 

10  89 

35  937 

5-7446 

3.2075 

.V* 

II  56 

39  304 

5.83  >o 

3.2396 

12  25 
12  96 

42  875 

5.9161 
6.0000 

3-271 1 

46  656 

3-3019 

.u 

>3  69 

50  653 

6.0828 

3-3.P2 

.0 

14  44 

54  872 

6.1644 

3.3620 

,<f; 

J  5  21 

59  3'9 

6.245(» 

3^3912 

»' 

16  00 
16  Si 

64  000 

6.3246 
6.4031 

3.4200 

68  921 

3.4482 

•1'' 

17  64 

74088 

6.4807 

3.4760 

•\\ 

18  49 

79  507 

6.5574 

3.5034 

A\ 

19  36 

85  184 

6.6332 

3.53^3 

•»5 
46 

20  25 

21  16 

91    125 

6.7082 
6.7823 

3-5569 

97  336 

3-58.10 

47 

32  09 

103  823 

6.8557 

3.6088 

33  04 

110  592 

6.9282 

3^6342 

24  01 

117  649 

7.0000 

3^6593 

«•  00 

135  000 

7.07H 

3.6840 

USEFUL    TABLES  AND  MISCELLANEOUS  INFOKMATJON.  47* 


NumDer 

Square. 

Cube. 

Square  Root. 

Cube  Root. 

5» 

26  01 

132  651 

7.»414 

37084 

5* 

27  04 

140  6c8 

7.2111 

3.7325 

53 

28  09 

148  877 

7.2801 

3-7563 
37798 

54 

29    10 

157  464 

7.3485 

55 

30  25 

166  375 

7.4162 

3.8030 

56 

3»  36 

175  616 

7.4833 
7.5498 

3-8259 

57 

32  49 

>85  193 

3-8485 

58 

33  64 

195  112 

7.6158 

3-8709 

§9 

34  81 

205  379 

7.6811 

38930 

60 

36  00 

216  000 

7.7460 

3.9149 

61 

37  21 

226  981 

7.8102 

3.9365 

62 

38  44 

238  328 

7.8740 

3.9579 

^3 

39  69 

250  047 

7.9373 

3-979  \* 

64 

40  96 

262  144 

8.0000 

4.0000 

65 

42  25 

274  625 

8.0623 

4.0207 

66 

43  56 
4489 

287  496 

8.1240 

4.0412 

67 

300  763 

8.1854 

4.0615 

68 

46  24 

3M  43* 

8.2462 

4.0817 

6q 

47  61 

328  509 

8.3066 

4.1016 

70 

49  00 

343  000 

8.3666 

4.1213 

71 

50  41 

357  9'« 

8.4261 

4.1408 

72 

SI  84 

373  248 

8.4853 

4.1602 

73 

53  29 

389  o>7 

8.5440 

4.>793 

74 

54  76 

405  224 

8.6023 

4.1983 

75 
76 

56  25 

421  875 

8.6603 

4.2172 

57  76 

438  976 

8.7178 

4.2358 

77 

59  29 

456  533 

8.7750 

4.2543 

78 

60  84 

474  552 

8.8318 

4.2727 

79 

62  41 

493  039 

8.8882 

4.2908 

80 

64  00 

512  000 

8.9443 

4.3089 

8t 

6s  61 

53«  441 

9.0000 

4-3267 

82 

67  24 

551  368 

9-0554 

4.3445 

83 

68  89 

571  787 

9.IIO4 

4.3621 

84 

70  56 

592  704 

9.1652 

4.3795 

85 

72  25 

614  125 

9.2195 

4.3968 

JS6 

73  96 

636  056 

9.2736 

4.4140 

87 

75  69 

658  503 

9-3274 

4.4310 

88 

77  44 

68[  472 

9.3808 

4.4480 

89 

79  21 

704  969 

94340 

4.4647 

90 

81  00 

729  000 

9.4868 

4.4814 

9« 

82  81 

753  571 
778  688 

9-5394 

4.4979 

92 

84  64 

95917 

4.5144 

93 

86  49 

804  357 

9.6437 

4-5307 

94 

88  36 

830  584 

9.6954 

4.5468 

95 

90  25 

857  375 

g.746S 

4.5629 

96 

92  16 

884  736 

9.79S0 

4. 5789 

97 

94  09 

912  673 

9.8489 

4.5947 

q8 

96  04 

941   192 

98995 

4.6104 

99 

98  01 

970  299 

9.9499 

4.6261 

100 

I  00  00 

1  000  000 

10.0000 

4.6.*ic 

DRAWING  AND   DESIGNING. 


Number 

Square. 

Lube. 

Square  Root. 

Cube  Root. 

lOI 
I02 

103 
104 

105 

I  02  01 
I  04  04 
I  06  09 
I  08  16 
I  10  25 

I  ojo  301 

I  061  208 
I  092  727 
I  124  864 
I  157  625 

iao499 
10.0995 
10.1489 
10.1980 
10.2470 

4.6570 

4.6723 

4.6875 
4.7027 

4.7"77 

106 
107 
108 
109 

no 

I  12  36 

»  M  49 
I  x6  64 
I  18  81 
I  21  00 

I  191  016 
I  225  043 
I  259  712 
I  295  029 

I  33"  000 

10.2956 
10.344" 

"0.3923 
ia4403 

10.4881 

4.7326 

4.7475 
4.7622 

47769 

4,7914 

III 
112 

"3 
114 

"5 

1  23  21 
I  25  44 
I  27  69 
I  29  96 
I  32  25 

I  367  631 
I  404  928 
I  442  897 
I  481  544 
I  520  87s 

"0-5357 
10.5830 

10.6301 

10.6771 

10.7238 

4.8059 
48203 
4.8346 
4.8488 
4.8629 

116 

"7 
118 
119 

120 

I  34  56 
I  3689 

»  39  24 
I  41  61 

I  44  00 

I  560  896 
I  601  613 
I  643  032 
I  685  159 
I  728  000 

10.7703 
10.8167 
10.8628 
ia9o87 

"0.9545 

4.8770 
4.8910 
4.9049 
4.9187 

4.9324 

121 
122 

"3 

124 

I  46  4« 
I  48  84 
I  51  29 

»  53  76 
I  56  25 

I  771  561 
I  815  848 
I  860  867 
I  906  624 

I  953  "25 

11.0000 

11.0454 
11.0905 

11.1355 
11.1803 

4.9461 

4-9597 
4.9732 
4.9866 

5.0000 

126 
»27 

128 
129 

«30 

I  58  76 
I  61  29 
I  6384 
I  66  41 
I  69  00 

I  71  61 

I  74  24 
1  76  89 
I  79  56 
1  82  25 

I  84  96 
I  87  69 
I  90  44 
1  93  2i 

1  n6  00 

2  000  376 
2  048  383 
2  097  152 
2  146  689 
2  197  000 

11.2250 
11.2694 

11.3137 
11.3578 
11.4018 

50133 
5.0265 

50397 
5.0528 

5.0658 

»3« 
132 
»33 
»34 
t35 
136 

15S 
«39 

t  tA 

2  248  091 
2  299  968 

2  352  637 
2  406  104 
2  460  375 
2  515  456 

2  57"  353 
2  628  072 

2  685  619 
2  744  000 
2  803  221 
2  863  288 
2  924  207 

2  985  984 

3  048  625 

1    "  1.4455 
11.4891 

11.5326 

11.5758 
11.6190 

5.0788 
5.0916 
5.1045 
5.1172 
5.1299 

11.6619 
11.7047 

11.7473 
1 1.7898 

11.8322 

5.1426 

5."55" 
5.1676 

5.1801 

5.1925 

140  1       .7.- 

141  1    »  9»  »» 
14a  I    2  01  64 

14*.     -  ^  ^'>. 
,4i     2  07  3t> 

14^  1    -  '^  ->^ 

I4T  1    1  10  09 
iS  •    a  19  €^ 

w  1      •  --  ^ 

11.8743 
11.9164 

"  ".9583 
12.0000 

12.0416 

5.2048 
5.2171 

5.2293 
5.2415 
5.2536 

3  i»2  136 
3  "76  523 
3  241  792 
3  307  949 
3  375  000 

1 2.0830 
1 2. 1 244 
12.1655 
12.2066 
12.2474 

5.2656 
5.2776 
5.2896 

5.3015 
5.3133 

USEFUL   TABLES  AND  MKCELLANEOUS  INFORMATION.  47* 


Number 

i5» 

bquare. 

Cube. 

Square  koot. 

Cube  Root. 

2  28  01 

3  442  95' 

12.2882 

S-325' 

152 

2  31  04 

3  5"  808 

12.3288 

5.3368 

»53 

2  34  09 

3  581  577 

12.3693 

5-3485 

«54 

2  37  16 

3  652  264 

12.4097 

5.3601 

'55 

2  40  25 

3  723  875 

12.4499 

5-37 '7 

156 

2  43  36 

3  796  4'6 

12.4900 

5-3832 

157 

2  46  49 

3869893 

12.5300 

5-3947 

158 

2  49  64 

3  944  3»2 

12.5698 

5.4061 

'59 

2  52  81 

4  019  679 

12.6095 

5-4'7S 
5.4288 

160 

2  56  00 

4  096  000 

12.6491 

ibi 

2  59  21 

4  »73  281 

12.6886 

5.4401 

162 

2  62  44 

4  251  528 

12.7279 

5-4514 

163 

2  65  69 

4  330  747 

12.7671 

5.4626 

164 

2  68  96 

4  410  944 

12.8062 

5-4737 

165 

2  72  25 

4  492  '25 

12.8452 

5.4848 

166 

2  75  56 

4  574  296 

12.8841 

5-4959 

167 

2  78  89 

4  657  463 

12.9228 

5. 5c  69 

168 

2  82  24 

4  741  632 

12.9615 

5.5178 

169 

2  85  61 

4  826  809 

13.0000 

5.5288 

170 

2  89  00 

4  9«3  000 

13.0384 

5-5397 

'7' 

2  92  41 

5  000  211 

13-0767 

5-5505 

172 

2  95  84 

5  088  448 

1 3. 1 149 

5-5613 

"73 

2  99  29 

5  177  7'7 

'3-'529 

5.5721 

174 

3  02  76 

5  268  024 

1 3- '909 

5.5828 

'75 

3  06  25 

5  359  375 

13.2288 

5-5934 

170 

3  09  76 

5  45'  776 

13.2665 

5.6041 

177 

3  13  29 

5  545  233 

'3-3041 

5-6147 

178 

3  '6  84 

5  639  752 

13-34 1 7 

5.6252 

'79 

3  20  41 

5  735  339 

'3-379' 

5-6357 

180 

3  24  00 

5  832  000 

13.4164 

5.6462 

181 

3  27  61 

5  929  741 

'34536 

5-6567 

182 

3  3'  24 

6  028  568 

13.4907 

5.6671 

183 

3  34  89 

6  128  487 

13-5277 

56774 

184 

3  38  56 

6  229  504 

13-5647 

^fv 

'85 

3  42  25 

6  331  625 

13-6015 

5.6980 

186 

3  45  96 

6  434  856 

136382 

5-7083 

187 

3  49  69 

6  539  203 

136748 

5.7185 

188 

3  53  44 

6  644  672 

'3-7"3 

5-7287 

189 

3  57  21 

6  751  269 

13-7477 

5-7388 

190 

3  61  00 

6  859  000 

13.7840 

5-7489 

191 

3  64  81 

6  967  871 

13.8203 

5-7590 

192 

36864 

7  077  888 

13.8564 

5-7690 

»93 

3  72  49 

7  '89  057 

13.8924 

5.7790 

,94 

3  76  36 

7  30'  384 

13.9284 

5.7890 

»95 

3  80  25 

7  4'4  875 

13-9642 

5-7989 

196 

384  16 

7  529  536 

14.0000 

5.8088 

'^Z 

38809 

7  645  373 

14.0357 

5.8186 

198 

3  92  04 

7  762  392 

14.0712 

5.8285 

'99 

3  96  OI 

7  880  599 

14.1067 

5-8383 

200 

4  00  00 

8  000  000 

14.1421 

5.8480 

47 


dj:ah'ixg  axd  designing. 


an 

»   206 

21C 

H«^ 

Cube. 

Square  Root. 

Cube  Ruot.  1 

4  04  01 
4  08  04 
4  12  09 

4  16  16 

4  20  25 

8  120  601 
8  242  408 

8  365  427 
8  489  664 

8  615  125 

14.1774 
14.2127 

14.2478 

14.2829 

M.3<78 

5.8578 

5.8675 

58771 
5.8868 
5.8964 

42436 

4  28  49 
4  32  64 
4  5681 
4  41  00 

8  741  816 
8  869  743 

8  998  912 

9  »29  329 
9  261  000 

9  393  93 « 
9  528  128 

9  663  597 
9  800  344 

9  938  375 

14.3527 

14.3875 
14.4222 

14.4568 
14.4914 

5-9059 

59155 
5.9250 

5-9345 
5-9439 

III 

5t^ 

4  45  21 
4  49  44 
4  53  69 
4  57  96 
4  62  25 

14.5258 
14.5602 

14.5945 
14.6287 

14.6629 

5-9533 
5.9627 

5.9721 

5-9814 
S-9907 
6.0000 
6.0092 
6.0185 
6.0277 
6.0368 

ii6 

ill 
11$ 

no 

1   2iC 

4  06  56 
4  7089 

4  75  24 
4  79  61 
4  84  00 

10  077  696 
10  218  313 
10  360  232 

»o  503  459 
10  648  000 

14.6969 
14.7309 

14.7648 
14.7986 

14.8324 

»  %  * 

«  «  «■ 

•-5 

4  &i  41 
4  92  84 

4  97  29 
501  76 

5  06  25 

10  793  861 

10  941  04S 

11  089  567 
II  239  424 
II  390  62^ 

14.8661 
14.8997 

14.9332 
14.9666 

15.0000 

6.0459 
6.0550 
6.064 1 
6.0732 
6.0822 

5  >o  76 

5  >5  29 
5  »9  84 
5  24  41 

C  2Q  00 

11  543  I7<> 
II  697  083 

11  852  352 

12  008  989 
12  167  000 

1 5-0333 
1 5.0665 

15.0997 

151327 
15.1658 

6.0912 
6.1002 
6. 1 09 1 
6.1 180 
6.1269 

6.1358 
6.1446 

61534 
6.1622 
6  1710 

6.1797 
6.1885 
6.1972 
6.2058 
62145 

.•3»     5  33  ^' 
-3-     5  3S  24 

-34     5  47  5<> 

12  326  391 
12  487  168 

12  649  337 
12  Si 2  904 

12  977  875 

15.1987 

15-2315 
15.2643 

15.2971 
153297 

..  ;o     5  50  90 
.•V^     5  (>6  44 

.\N    5  :»  -' 

-»4v^       ^  76  00 

13  144  256 
13  312  053 
13  481  272 
13  651  919 
13  824  000 

15-3623 
15-3948 
15.4272 

15.4596 
154919 

.'41      ^  So  81 
i^i           S  ^^5  64 
i\  \           5  ^>o  •49 
.•44      ,S  05  36 
.it      t>  00  i^ 

13  997  521 

14  172  4SS 
14  348  907 
14  526  784 
14  706  125 

14  886  936 

15  C69  223 
IS  252  992 
15  438  249 
15  625  000 

15.5242 

15-5563 
15.5885 

15  6205 

15.6525 

15.6844 
15.7162 

1 5.7480 

15-7797 
15.8114 

6.2231 
6.2317 
6.2403 
6.2488 

6.2573 

-*4^ 
i47 

^*40 

0  05  16 
6  10  o) 
6  15  04 
6  20  01 
6  25  00 

6.2638 
6.2743 
6.2828 
6.2912 
6.2996 

USEFUL  TABLES  AND  MISCELLANEOUS  INFORMATION.  47* 


Number 
251 

Square. 

6  30  01 

Cube. 

Square  Koot. 

Cube  Koot.  I 

15  813  251 

16  003  008 

15-8430 

6.3080   1 

252 

6  35  04 

15-8745 

6.3164 

253 

6  40  09 

16  194  277 

15.9060 

6.3247 

254 

6  45  16 

16  387  064 

15.9374 
15.9687 

6.3330 

255 

6  50  25 

16  s8i  375 

6.34n 

256 

6  55  36 

16  777  216 

16.0000 

6.3496 

257 

6  60  49 

16  974  593 

16.0312 
16.0024 

6.3579 

2s8 

6  65  64 

17  »73  5»2 

6.3661 

259 

6  70  81 

>7  373  979 

16.0935 

6.3743 

260 

6  76  00 

17  576  000 

16.1245 

6.3825 

261 

6  81  21 

17  779  581 

16.IJ55 
16.1864 

6.3907 

262 

6  86  44 

17  984  728 

6.39^8 

263 

6  91  69 

18  191  447 

16.2173 

6.4070 

264 

6  96  96 

18  399  744 

16.2481 

6.4 1 51 

265 

7  02  25 

18  609  625    1 

16.2788 

6.4232 

266 

7  07  56 

18  821  096 

16.3095 

6.4312 

267 

7  12  89 

19  034  163 

16.3401 

6.4393 

268 

7  »8  24 

19  248  832 

16.3707 

6.4473 

269 

7  23  61 

19  465  109 

16.4012 

6.4553 

270 

7  29  00 

19  683  000 

16.4317 

6.4633 

271 

7  34  41 

19  902  511 

16.4621 

6.4713 

272 

7  39  84 

20  123  648 

16.4924 

6.4792 

273 

7  45  29 

20  346  417 

16.5227 

6.4872 

274 

7  50  76 

20  570  824 

165529 
16.5831 

6.4951 

275 

276 

7  56  25 

20  796  875 

6.5030 

7  61  76 

21  024  576 

16.6132 

6.5108 

277 

7  67  29 

21  253  933 

16.6433 

6.5187 

278 

7  7^  84 

21  484  952 

16.6733 

6.5265 

279 

7  78  41 

21  717  639 

16.7033 

6.5343 

280 

7  84  00 

21  952  000 

16.7332 

6.5421 
6.5499 

281 

7  89  61 

22  188  041 

16.7631 

282 

7  95  24 

22  425  768 

16.7929 

6.5577 

283 

8  00  89 

22  665  187 

16.8226 

6.5654 

284 

8  06  56 

22  906  304 

16.8523 

$•5731 

285 

8  12  25 

23  M9  «25 

16.8819 

6.5808 

286 

8  17  96 

23  393  656 

16.9115 

6.5885 

287 

8  23  69 

23  639  903 

16.941 1 

6.5962 

288 

8  29  44 

23  887  872 

16.9706 

66039 

289 

8  35  21 

24  137  569 

17.0000 

6.6115 

290 

8  41  00 

24  389  000 
24  642  171 

17.0294 

6.6191 

291 

8  46  81 

17.0587 
17.0880 

6.6267 

292 

8  52  64 

24  897  088 

6.6343 

293 

8  58  49 

25  »53  757 
25  412  184 

17.1172 

6.6419 

294 

8  64  36 

17.1464 

6.6494 

295 

8  70  25 

25  672  375 

17.1756 

6.6569 

296 

8  76  16 

25  934  336 

17.2047 

6.6644 

297 

8  82  09 

26  198  073 

17.2337 

6.6719 

298 

8  88  04 

26  463  592 

17.2627 

6.6794 

299 

8  94  01 

26  730  899 

17.2916 

6.6869 

300 

9  00  00 

27  000  000 

17.3205 

6.6943 

T* 


DRAWING  AND   DESIGNING. 


Number 

Square. 

Cube. 

Square  Root. 

Cube  Root. 

301 

9  06  01 

27  270  901 

17-3494 

6.7018 

302 

9  12  04 

27  <;43  608 

X  7.3781 

6.7092 

303 

9  18  09 

27  818  127 

17.4069 

6.7166 

304 

9  24  16 

28  094  464 

17.4356 

6.7240 

30s 

9  30  25 

28  372  625 

17.4642 

6.7313 

306 

9  36  36 

28  652  616 

17.4929 

6.7387 

3°Z 

9  42  49 

28  934  443 

17.5214 

6.7460 

308 

9  48  64 

29  218  112 

>  7- 5499 

6.7533 

309 

9  54  81 

29  503  629 

17.5784 

6.7606 

3*0 

9  61  00 

29  791  000 

17.6068 

6.7679 

3<i 

9  67  21 

30  080  231 

17.6352 

6-7752 

312 

9  73  44 

30  371  328 

17.6635 
17.6918 

6.7824 

3»3 

9  79  69 

30  664  297 

6.7897 

3M 

9  85  96 

30  959  144 

17.7200 

6.7969 

3»5 

9  92  25 

3<  255  875 

17.7482 

6.8041 

3«6 

9  98  56 
10  04  89 

3»  554  496 

17.7764 

6.8113 

3<7 

31  855  013 

17.8045 

6.8185 

3'« 

10  II  24 

32  157  432 

17.8326 

6.8256 

319 

10  17  61 

32  461  759 

17.8606 

6.8328 

320 

10  24  00 

32  768  000 

17.8885 

6.8399 

321 

10  30  41 

33  076  161 

17.9165 

6.8470 

322 

10  36  84 

33  386  248 

17.9444 

6.8541 

323 

10  43  29 

33  698  267 

17.9722 

6.8612 

324 

10  49  76 

34  012  224 

18.0000 

6.8683 

325 
326 

10  56  25 

34  328  125 

18.0278 

6.8753 

10  62  76 

34  645  976 

18.0555 
18.0831 

6.8824 

327 

10  69  29 

34  965  783 

6.8894 

328 

10  75  84 

35  287  552 

18.1108 

6.8964 

329 

10  82  41 

35  611  289 

18.1384 

6.9034 

330 
33' 

10  89  00 
10  95  61 

35  937  000 

18.1659 

6.9104 

36  264  691 

18.1934 

6.9174 

332 

II  02  24 

36  594  368 

18.2209 

6.9244 

333 

II  08  89 

36  926  037 

18.2483 

6.9313 

334 

11  15  56 

37  259  704 

18.2757 

6.9382 

335 
336 

II  27  25 
11  28  96 

37  595  375 

18.3030 

6.9451 
6.9521 

37  933  056 

18.3303 

337 

i «  35  ^^ 

38  272  753 

18.3576 

6.9589 

33« 

II  42  44 

38  614  472 

18.3848 

6.9658 

339 

11  49  21 

38  958  219 

18.4120 

6.9727 

340 
341 

1 1  56  00 
II  62  81 

39  304  000 

18.4391 

6.9795 

39  651  821 

18.4662 

6.9864 

34-' 

II  6()  64 

40  001  688 

18.4932 

6.9932 

343 

II  76  49 

40  353  607 

18.5203 

7.0000 

34  1 

If  H3  36 

40  707  584 

18.5472 

7.0068 

34  S 
34'» 

II  90  25 
II  ()7  16 

41  063  625 

18.5742 

7.0136 

41  421  736 

18.601 1 

7.0203 

347 

12  04  09 

41  781  923 

18.6279 

7.0271 

34H 

12  II  04 

42  144  19a 

18.6548 
18.6815 

7.0338 

349 

12  18  01 

42  508  549 

7.0406 

L35'» 

12  25  00 

42  875  000 

18.7083 

7.0473 

USEFUL  TABLES  AND  MISCELLANEOUS  INFORMATION    47* 


Number 

Square. 

Cube.        j   Square  Root.   |  Cube  Root.  | 

35« 
352 
353 
354 
355 

12  32  01 
12  39  04 
12  46  09 

12  S3  16 

12  60  25 

43  243  55* 
43  614  208 

43  986  977 

44  361  864 

44  738  875 

18.7350 
18.7617 
18.7883 
18.8149 
18.8414 

7.0540 
7.0607 
7.0674 

7.0740 
7.0807 

356 
357 
358 

359 
360 

12  67  36 

12  74  49 
12  81  64 

12  88  81 

12  96  00 

45  X18  016 

45  499  293 

45  882  712 

46  268  279 
46  656  000 

18.8680 
18.8944 
18.9209 
18.9473 
18.9737 

7.0873 
7.0940 
7.1006 
7.1072 
7.1138 

361 

363 
364 
365 

13  03  21 
13  10  44 
»3  17  69 
13  24  96 
»3  32  25 

47  045  8b I 
47  437  928 

47  832  147 

48  228  544 
48  627  125 

190000    1   7.1204 
19.0263      7.1269 

19.0526    ,   7.«335 
19.0788      7.1400 
19.1050      7.1466 

366 
367 

.  36K 

369 

370 

13  4689 

13  54  24 
13  61  61 
13  69  00 

49  027  896 
49  430  863 

49  836  032 

50  243  409 
50  653  000 

19.1311      7.153" 
19.1572      7.1596 
19. 1833      7.1661 
19.2094      7.1726 

19-2354      7.1791 

371 
372 

373 
374 
375 

13  76  41 
13  83  84 
13  91  29 

13  98  76 

14  06  25 

51  064  811 
51  478  848 

51  895  117 

52  3' 3  624 
52  734  375 

19.2614      71855 
19.2873      7.1920 
19.3132      7.1984 
19.3391    '   7.2048 
19.3649    '   7.21 12 

376 

377 
378 

379 
380 

14  13  76 
14  21  29 

14  28  84 

14  36  4« 
14  44  00 

53  »57  376 

53  582  633 

54  010  152 

54  439  939 

54  872  000 

55  306  341 

55  742  568 

56  181  887 

56  623  104 

57  066  625 

19.3907    ,   7-2177 
19.4165    1   7.2240 
19.4422    1   7.2304 
19.4679    i   7.2368 
19.4936      7-2432 

381 
382 

383 
384 
38s 

14  51  61 

14  59  24 
14  66  89 

14  74  56 

14  82  25 

19.5192 
19.5448 
19.5704 
19.5959 
19.6214 

7.2495 
7-2558 
7.2622 

7.2685 
7.2748 

3l>6 

387 
388 

389 
390 

14  89  96 

14  97  69 

15  05  44 
15  13  21 

15  21  00 

57  5'2  456 

57  960  603 

58  411  072 

58  863  869 

59  -119  000 

19.6469 
19.6723 
19.6977 
19.7231 
19.7484 

19-7737 
19.7990 

19.8242 

19.8494 

19.8746 

7.2811 
7.2874 

7.2936 
7.2999 

7. -061 

39 » 
392 

393 
394 
395 

15  28  81 
15  36  64 

IS  44  49 
15  52  36 
15  60  25 

59  776  471 

60  236  288 

60  698  457 

61  162  984 
61  629  875 

7-3»24 
7.3186 
7.3248 

7.3310 
7.3372 

396 

397 

398 

399 
400 

15  6S  16 
15  76  09 
15  84  04 

15  92  01 

16  00  00 

62  099  136 

62  S70  773 

63  044  792 

63  521  199 

64  000  000 

19.8997 

19.9249 

19-9499 
19.9750 

20.0000 

7-3434 
7.3496 
7-3558 
7-.l6i9 

7.3681 

t9 


DRAWING  AND   DESIGNING. 


Number 

Square. 

Cube. 

Square  Root. 

Cub. 

s  Root. 

401 
402 

404 

405 

16  08  01 
16  16  04 
16  24  09 
16  32  16 
16  40  25 

64  481  201 

64  954  808 

65  450  827 

65  939  264 

66  430  125 

2a0250 

20.0499 
20.0749 

2ao99S 
2a  1 246 

•3742 

.3864 
•3925 

.3986 

406 
407 
408 
409 

410 

16  48  36 

16  56  49 
1664  64 
16  72  81 
16  81  00 

66  923  416 

67  419  143 

67  917  312 

68  417  929 
68  921  000 

2a  1494 
2ai742 
2ai990 
2a  2217 
2a  248  5 

.4047 
.4108 
.4169 
.4229 
.4290 

411 
413 

413 
414 

415 
416 

417 
418 

419 

420 

16  89  21 

16  97  44 

17  05  69 

17  1396 
17  22  25 

69  426  531 

69  934  528 

70  444  997 

70  957  944 

71  473  375 

2a273i 
2a  2978 
2a  3224 

20.3470 
20.3715 

•4350 
.4410 

.4470 

•4530 

•4590 

17  30  56 
17  3889 

17  47  24 
17  55  61 

17  64  00 

71  991  296 

72  5"  713 

73  034  632 

73  560  059 

74  088  000 

20.3961 

20.4206 

2a4450 
2a4695 

2a4939 

.4650 
.4710 

.4770 
.4829 

.4889 

421 
422 

423 
424 

42> 

426 

427 

42S 

429 
430 

43 » 
43^ 
433 
434 
435 

438 

439 
440 

44 « 
442 

443 

444 

_44  5. 

440 

447 
448 

449 
450 

17  72  4« 
17  80  84 
17  89  29 

17  97  76 

18  06  25 

18  14  76 
18  23  29 
18  31  84 
18  40  41 
18  49  00 

18  57  61 
18  66  24 

18  74  89 

18  83  56 

18  92  2S 

19  00  96 

19  09  69 

19  18  44 
19  27  21 

19  36  00 

74  618  461 

75  151  448 

75  686  967 

76  225  024 
76  765  625 

20.5183 
2a  5426 
2a  5670 

20.5913 
20.615s 

.4948 
.5007 
.5067 

.5126 

.5185 

77  308  776 

77  854  483 

78  402  752 

78  953  589 

79  507  000 

20.6398 
20.6640 
20.6882 
20.7123 
2a7364 

' 

•5244 
•5302 

.5361 
.5420 

.5478 

80  062  991 

80  621  568 

81  182  737 

81  746  504 

82  312  875 

20.7605 
20.7846 
20.8087 
20.8327 
20.8567 

•5537 
•5595 
•5654 
.5712 

.5770 

82  881  856 

83  453  453 

84  027  672 

84  604  519 

85  184  000 

20.8806 
20.9045 
20.9284 
20.9523 
20.9762 

.5828 
.5886 

•5944 
.6001 

.6059 

19  44  81 

19  53  64 
19  62  49 

19  7«  36 

19  80  25 

19  89  16 

19  98  09 

20  07  04 
20  16  01 
20  25  00 

85  766  121 

86  350  888 

86  938  307 

87  528  384 

88  121  125 

21.0000 
21.0238 
21.0476 
21.0713 
21.0950 

.6117 

.6174 
.6232 

.6289 

.6346 

88  716  536 

89  3M  623 

89  915  392 

90  518  849 

91  125  000 

21.1187 
21.1424 
21.1660 
21.1896 
21.2132 

.6403 

.6460 

.6517 

.6574 
.6631 

JSEFUL   TABLES  AND  MISCELLANEOUS  INFORMATION,  A7^ 


Number 

Square. 

20  34  01 
20  43  04 
20  C2  09 

ao  01  16 

20  70  2$ 

Cube.        1   Square  Root. 

Cnbe  Root. 

45" 
45* 
453 
454 
455 

9"  733  85* 
92  345  408 

92  95?  677 

93  576  664 

94  196  375 

21.2368 
21.2603 
21.2838 

2^.3073 
21.3307 

7.6688 

7.6744 
7.6801 

7.6857 
7.6914 

456 

457 
458 

20  70  36 

20  88  49 

20  97  64 

21  06  81 
21  16  00 

94  818  816 

95  443  993 

96  071  912 

96  702  579 

97  336  000 

21.3542 
21.3776 
21.4009 

21.4243 
21.4470 

7.6970 
7.7026 
7.7082 

7.7138 
7.7194 

461 

464 

465 

466 

467 
468 

469 

470 

21  25  21 

21  34  44 

21  43  69 

21  52  96 

21  02  25 

97  972  181 

98  611  128 

99  252  847 

99  897  344 
100  544  625 

21.4709 
21.4942 
ai.5174 
21.5407 
21.5639 

7.7250 
7.7306 
7.7362 
7.7418 

7.7473 

21  71  i;6 
21  80  89 
21  90  24 

21  99  61 

22  09  00 

loi  194  696 

101  847  563 

102  503  232 

103  161  709 
103  823  000 

21.5870 
21.6102 

21.6333 
21.6564 

21.6795 

7.7529 
7.7584 

7.7639 
7.7695 
7.7750 

471 
472 

473 
474 
475 

22  x8  41 
22  27  84 
22  37  29 

22  46  76 

22  56  25 

104  487  III 

105  154  048 
\o\  821  817 

106  496  424 

107  171  875 

21.7025 
21.7256 
21.7486 
21.7715 

21.7945 

7.7805 
7.7860 

7.7915 
7.7970 
7.8025 

476 

477 
478 

479 
480 

22  65  76 
22  75  29 
22  84  84 

22  94  41 

23  04  00 

107  850  176 

108  53«  333 

109  215  352 

109  902  239 
no  592  000 

21.8174 
21.8403 
21.8632 
21.8861 
21.9089 

7.8079 

7.8134 
7.8188 
7.8243 
7.8297 

481 
482 

483 
484 

485 

23  13  61 
23  23  24 

23  32  ^ 
23  42  56 
23  52  25 

1x1  284  641 

111  980  168 

112  678  587 

"3  379  904 
114  084  125 

2i.93>7 
21.9545 
21.9773 
22.0000 
22.0227 

7.8352 
7.8406 
7.8460 
7.8514 
7.8568 

486 

487 
488 

489 

490 

23  61  96 
23  7"  69 
23  81  44 

23  91  21 

24  01  00 

114  791  256 

115  501  303 

116  214  272 

116  930  169 

117  649  000 

22.0454 
22.0681 
22.0907 
22.1133 

22.1359 

7.8622 
7.8676 

7.8730 
7.8784 
7.8837 

491 
492 

493 
494 
495 

24  10  81 
24  20  64 

24  30  49 
24  40  36 

24  so  2S 

118  370  771 

119  095  48S 

119  823  i<;7 

120  553  784 

121  287  375 

22.1585 
22.1811 
22.2036 
22.2261 
22.2486 

7.8891 
7.8944 
7.8998 
7.9051 
7.9105 

496 
497 
498 

499 
500 

24  60  16 
24  70  09 
24  80  04 

24  90  01 

25  00  00 

122  023  936 

122  763  473 

123  505  992 

124  251  499 

125  000  000 

22.2711 
22.2935 

22.3159 

22.3383 
22.3607 

7.9158 
7.92  II 
7.9264 

7.9317 
7.9370 

DRAWING  ANP    DESIGNING. 


Number     Square. 

Cube.        j   Square  Root. 

Cube  Root. 

I   501 

i  502 

503 
504 

505 

25  10  01 
25  20  04 
25  3009 
25  40  16  • 

25  50  25 

125  75i  50i 

126  500  008 

127  263  527 

128  024  064 
128  787  625 

22.3830 
22.4054 
22.4277 

22.4499 
22.4722 

7.9423 
7.9476 
7.9528 
7.9581 
79634 

500 

508 
509 
510 

25  60  36 
25  70  49 
25  80  63 
2\  90  81 

30  01  00 

129  554  216 

130  323  843 

131  096  512 

131  872  229 

132  651  000 

22.4944 
22.5167 
22.5389 
22.5610 
22.5832 

7.9686 

7.9739 
7-979  < 
7.9843 
7.9896 

5'« 

5>2 

5»3 
5U 
5»S 

26  II  21 
26  21  44 
26  31  69 
26  41  96 

26  5a  25 

"33  432  831 

134  217  728 

135  005  697 

»35  79^  744 

136  590  875 

22.6053 
22.6274 
22.6495 
22.6716 
22.6936 

7.9948 
8.0000 
8.0052 
8.0104 
8.0156 

510 

5»7 
518 

5»9 
520 

521 
5-* 

5-3 
524 
525 
526 

527 
528 

52^) 
_>3 ' 

i    53 » 
5;^3 

5vi 

26  62  jj6 
26  72  09 
26  83  24 

26  93  61 

27  04  00 

137  388  096 

138  188  413 

«38  99>  832 

«39  798  359 
140  608  000 

22.7156 
22.7376 
22.7596 
22.7816 
22.8035 

8.0208 
8.0260 
8.031 1 
8.0363 
8  0415 

27  14  41 

27  24  84 

27  35  29 
27  45  76 
27  56  25 
27  66  76 
27  77  29 
27  87  84 
27  98  41 
:8  09  00 

2S  19  61 
.\S  30  24 
2S  40  89 
.'8  51  56 

28  (»2  2Q 

141  420  761 

142  236  648 

143  055  667 

143  877  824 

144  703  125 

22.8254 
22.8473 
22.8692 
22.8910 
22.9129 

8.0466 
8.05 1 7 
8.0569 
8.0620 
8.0671 

>4S  53'  576 

146  363  183 

147  197  952 

148  035  889 

148  877  000 

22.9347 
22.9565 

22.9783 
23.0000 
23.0217 

8.0723 
8.0774 
8.0825 
8.0876 
8.0927 

149  721  291 

150  568  768 

151  419  437 

152  273  304 

»53  130  375 

1 53  990  650 

»54  854  153 

155  720  872 

156  590  819 
I  57  464  000 

158  340  421 

159  220  088 

160  103  007 

160  989  184 

161  S78  625 

162  771  336 

163  667  323 

164  5C>6  592 

165  469  149 

166  375  000 

23-0434 
23.0651 

23.0868 

23.1084 

23.1301 

8.0978 
8.1028 
8.1079 
8.  II 30 
8.1180 

530     .\S  72  96 

537  -"^  ^"^3  69 

538  1   28  1)4  44 
530    29  03  21 

^4v%      21)  10  CH^ 

23-i5»7 

23-1733 
23.1948 

23.2164 
23-2379  . 

8.1231 
8.1281 

8-1332 
8.1382 

8  »433 

51  2 

5»3 
Ml 

Ms 

,\|v) 

.V)  20  81 

29  37  <»4 
39  48  49 

.**)  59  36 

20  7^'>  2!^ 

29  81  10 

29  92  09 

30  03  04 
30  14  01 
to  25  00 

23-2594 
23.2809 

23.3024 

23-3238 
23-3452 

8.1483 

8-1533 
8.1583 
8.1633 
8.1683 

23.3666 
23.3880 
23.4094 

23-4307 
23.4521 

»i733 
8.1783 
8.1833 
8.1882 
8.1932 

USEFUL   TABLES  AND  MISCELLANEOUS  INFORMATION, AJ 


\\ 


Number 

55» 
552 

553 
554 

555 

Square.             Cube. 

Square  Root.     Cube  Root. 

-^0  36  01 

30  47  04 
30  58  09 
30  C9  16 

30  80  2S 

167  284  151 

168  196  608 

169  112  377 

170  0^1  464 
170  9:3  875 

2>4734        «.l(^2 
23-4947     i    8-2031 
23.5  i6j       8.2081 
23-5372       8.2130 
23-5584       82180 

556 
557 
558 

560 

30  91  36 

31  02  49 

3"  »3  64 
31  24  81 

31  36  00 

171  879  616 

172  808  693 

173  741  112 

174  676  879 

175  616  000 

23-5797 
23.6008 

23.6220 

23.6432 

23.6643 

8.2229 
8.2278 
8.2327 

8.2377 
8.2426 

8.2475  ~ 
8.2524 

8.2573 
8.2621 

8.2670 

561 
562 

563 
564 
565 

3'  47  21 

3«  58  44 
31  69  69 

31  80  96 

31  92  25 

176  558  481 

177  504  328 

178  453  547 

179  406  144 

180  362  125 

23.6854 
25.7065 
23.7276 

23-7487 
23.7697 

566 

567 
568 

569 

570 

32  03  56 
32  14  89 
32  26  24 

32  n  61 
32  49  00 

181  321  496 

182  284  263 

183  250  432 

184  220  009 

185  193  000 

186  169  411 

187  149  248 

188  132  517 

189  119  224 

190  JC9  375 

23.7908 
23.8118 
23.8328 

23-8537 
23.8747 

8.2719 
8.2768 
8.2816 
8.2865 
8.2913 

571 
572 

573 

574 
575 

32  00  41 
32  71  84 
32  83  29 

32  94  76 

33  06  25 

23.8956 
23.9165 

23-9374 
239583 
239792 

8.2962 
8.3010 
8.3059 
8.3107 
8.3155 

576 
577 
578 

580 

33  »7  76 
33  29  29 

33  40  84 

33  52  41 
33  64  00 

191  102  976 

192  100  033 

193  ^^   552 

194  104  539 

195  112  000 

24.0000 
24.0208 
24.0416 
24.0624 
24.0832 

8.3203 
8.3251 

8.3300 

8.3348 

8.3396 

8.3443 
8.349' 
83539 
8.3587 
8- 3634 

582 

583 
584 
585 

33  75  61 
33  87  24 

33  98  89 

34  »o  56 
34  22  25 

196  122  941 

197  137  368 

198  J  55  287 

199  176  704 

200  201  625 

24.1039 
24.1247 
24.1454 
24. 1 66 1 
24.1868 

586 

587 
588 

589 
590 

34  33  96 

34  45  69 

34  57  44 
34  69  21 

34  81  CO 

201  230  056 

202  262  003 

203  297  472 

204  336  469 

205  379  000 

24.2074 
24.2281 
24.2487 
24.2693 
24.2899 

24.3105 

24-33" 
24.3516 

24.3721 

24.3926 

8.3682 

8.3730 
8.3777 
8.3825 

8.3872 

8.3919 

8.3967 
8.4014 

8.4061 

8.4108 

59' 
592 

593 
594 
595 

34  92  81 

35  04  64 
35  »6  49 
35  28  36 
35  40  25 

206  425  071 

207  474  688 

208  527  857 

209  584  584 

210  644  875 

596 

597 

598 

599 
600 

35  52  16 
35  64  09 
35  76  04 

35  88  01 

36  00  00 

21 1  708  736 

212  776  173 

213  847  19- 

214  921  799 
216  000  000 

24.4131 

24.4336 
24.4540 

24-4745 
24.4949 

^.4155 
8.4202 

8.4249 

8.4296 

8.4343 

DRAWING  AND  DESIGNING. 


^% 

Lumber 

Square.            j                    Cube. 

Square  Root. 

Cube  Root. 

^02 

eo4 
^>o5 

36    12  01 
36   24  04 
36  36  09 
36  48    16 
36  60   25 

217  081    801 

218  167    208 

219  256    227 

220  348  864 

221  445    125 

24-5"  53 
24.5357 
24-5561 

24-5764 
24.5967 

8.4390 
8.4437 
8.4484 
8.4530 
8.4577 

eo6 

eo8 
609 

36  72    36 
36  84   49 
36  96  64 

37  08  81 
37  21  00 

222  54c   016 

223  648    543 

224  755   712 

225  866  529 

226  981  000 

24.6171 
24.6374 

24.6577 
24.6779 

24.6982 

8.4623 
8.4670 
8.4716 

8.4763 
8.4809 

en 

612 

613 
614 
615 

37  33  21 
37  45  44 
37  57  69 
37  69  96 
37  82  25 

228  099  131 

229    220  928 

230  346  397 

231  475  544 

232  608  37.; 

24.7184 
24.7386 
24.7588 
24.7790 
24.7992 

8.4856 
8.4902 

8.4948 
8.4994 

8.5040 

616 

617 

618 

619 
620 

37  94  56 

38  06  89 

38  19  24 

38  31  6i 
38  44  00 

233  744  896 

234  885  113 

236  029  032 

237  176  659 

238  328  000 

239  483  061 

240  641  848 

241  804  367 

242  970  624 
244  140  625 

24.8193 

24.839s 
24.8596 

248797 
24.8998 

8.5086 
!-5'32 

8.5178 

8.5224 

8.5270 

621 

622 

623 

624 

625 

38  56  41 
38  68  84 

38  81  29 

38  93  76 

39  c6  25 

24.9199 

24.9399 
24.9600 

24.9800 

25.0000 

8.5316 
8.5362 
8.5408 

8.5453 
8.5499 

1 "  626 

1      627 
1     628 

1      629 

630 

39  18  76 
39  31  29 

39  43  84 
39  56  41 
39  69  00 

39  ^i  61 

39  94  24 

40  06  89 
40  19  56 
40  32  25 

40  44  96 
40  57  69 
40  70  44 
40  83  21 

40  96  00 

41  08  81 
41   21  64 
41   34  49 
41  47  36 
41  60  25 

245  3»4  376 

246  491  883 

247  673  152 

248  858  189 
250  047  000 

25.0200 
25.0400 
25.0599 
25.0799 
25.0998 

8.5544 
8.5590 

8-5635 

8.5681 
8.5726 

• 

031 
632 

633 
634 
63s 
636 

637 
638 

639 
640 

641 
642 

643 
644 
64  s 

251  239  591 

252  435  968 

253  636  137 

254  840  104 
256  047  875 

25.1197 
25.1396 

25-1595 
25.1794 

25.1992 

8.5772 
8.5817 
8.5862 

8.5907 
8.5952 

257  259  456 

258  474  853 

259  694  072 

260  917  119 
262  144  000 

25.2190 
25.2389 
25.2587 
25.2784 
25.2982 

8.5997 
8.6043 

8.6088 

8.6132 

8.6177 

263  374  721 

264  609  288 

265  847  707 

267  089  984 

268  336  125 

25.3180 

25-3377 
25-3574 
25.3772 
25.3969 

8.6222 
8.6267 
8.6312 

8.6357 

8.6401 

646 

647 
648 

649 
650 

41   73   16 
41  86  09 
41  99  04 

42     12    01 
42     2S    00 

269  586  136 

270  840  023 

272  097  792 

273  359  549 

274  625  000 

25.4165 
25.4362 
25.4558 

25-4755 
2S49'^' 

8.6446 
8.6490 

8.6535 

8.6579 
8.6624 

WEFUL  TABLES  AND  MISCELLANEOUS  INFORMATION,  47 


Numberj     Square. 

Cube. 

Square  Root. 

Cube  Root. 

651 

653 
654 
655 

42  38  01 
42  51  04 
42  64  09 
42  77  16 
42  90  25 

275  894  451 

277  167  808 

278  445  077 

279  726  264 

281  on  375 

25-5M7 
255343 
25-5539 
25-5734 
25-5930 

S.6668 
8.6713 

8.6757 
8.6801 

8.6845 

656 

657 
658 

43  03  36 
43  16  49 
43  29  64 
43  4a  81 
43  56  00 

282  300  416 

283  593  393 

284  890  312 

286  191  179 

287  496  000 

25.6125 
25.6320 
25.6515 
25.6710 
25.6905 

8.6890 

8.6934 
8.6978 
8.7022 
8.7066 

661 
662 

663 
664 
665 

43  69  21 
43  82  44 

43  95  69 

44  08  96 

44  22  25 

288  804  781 

290  117  528 

291  434  247 

292  754  944 
294  079  625 

25.7099 

25.7294 
25.7488 
25.7682 
25.7876 

8.7110 
8.7154 
8.7198 
8.7241 
8.7285 

666 
667 
668 

669 

670 

^^  35  56 
44  48  89 
44  62  24 

44  75  61 
44  89  GO 

295  408  296 

296  740  963 

298  077  632 

299  418  309 

300  763  000 

25.8070 
25.8263 

25-8457 
25.8650 

25.8844 

8.7329 

8.7373 
8.7416 

8.7460 
8.7503 

671 
672 

673 
674 
675 

45  02  41 
45  «5  84 
45  29  29 
45  42  76 
45  56  25 

302  III  711 

303  464  448 

304  821  217 

306  182  024 

307  546  875 

25-9037 
25.9230 

25.9422 

25.9615 

25.9808 

8.7547 
8.7590 

8.7634 

8.7677 
8.7721 

676 

677 
678 

679 
680 

45  69  76 
45  83  29 

45  96  84 
40  10  41 

46  24  00 

308  915  776 

310  288  733 

311  665  752 

313  046  839 

314  432  000 

26.0000 
26.0192 
26.0384 
26.0576 
26.0768 

8.7764 
8.7807 
8.7850 
8.7893 

8.7937 

681 
682 

683 
684 

68s 

46  37  61 
46  51  24 
46  64  89 
46  78  56 
46  92  25 

315  821  241 

317  214  568 

318  611  987 

320  013  504 

321  419  125 

26.0960 
26.1 151 

26.1343 
26.1534 
26.1725 

8.7980 
8.8021 
8.8066 
8.8109 
8.8152 

686 
687 
688 
689 
690 

47  05  96 
47  19  69 
47  33  44 
47  47  21 
47  61  00 

322  828  856 

324  242  703 

325  660  672 

327  082  769 

328  509  000 

26.1916 
26.2107 
26.2298 
26.2488 
26.2679 

8.8194 
8.8237 
8.8280 
8.8323 
8.8366 

691 
692 

693 
694 
695 

47  74  81 

47  88  64 

48  02  49 
48  16  36 
48  30  25 

329  939  371 

33«  373  888 
332  812  5C7 

334  25s  384 

335  702  375 

26.2869 
26.3059 
26.3249 

26.3439 
26.3629 

8.8408 

8.8451 
8.8493 
8.8536 
8.8578 

696 

697 
698 

699 
700 

48  44  16 
48  58  09 
48  72  04 

48  86  01 

49  00  00 

337  153  536 

338  608  873 

340  068  392 

341  532  099 
343  000  000 

26.3818 
26.4008 

26.4197 
26.4386 

26.4575 

8.8621 
8.8663 
8.8706 
8.8748 
8.8790 

47 
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[Number 

Square.             Cube.        1   Square  Root. 

Cube  Root. 

701 
702 

703 
704 
705 

49  14  01 
49  28  04 

49  42  09 

49  56  16 

49  70  25 

344  472  101 

345  948  408 

347  428  927 

348  913  664 
350  402  625 

26.4764 

26.4953 
26.5141 

26.5330 

26.5518 

a8833 

8.8875 

8.8917 

8.8959 

8.9001 

706 
707 
708 

709 

710 

49  84  36 

49  98  49 

50  12  64 

50  26  81 
50  41  00 

351  89s  816 

353  393  243 

354  894  912 

356  400  829 

357  9»»  000 

26.5707 
26.5895 
26.6083 
26.6271 
26.6458 

8.9043 
8.9085 

8.9127 

8.9169 

8.92  II 

7i« 
712 

713 
714 
715 

50  55  21 
50  69  44 
50  83  69 

50  97  96 

51  12  25 

359  425  431 

360  944  128 

362  467  097 

363  994  344 

365  525  875 

26.6646 
26.6833 
26.7021 
26.7208 
26.7395 

8.9253 
8.9295 

8.9337 
8.9378 

8.9420 

716 

717 
718 

719 

720 

51  26  56 
51  40  89 

5«  55  24 
51  69  61 

51  84  00 

367  061  696 

368  601  813 

370  146  232 

371  694  959 

373  248  000 

26.7582 
26.7769 
26.7955 
26.8142 
26.8328 

8.9462 

8.9503 

8.9545 
8.9587 

8.9628 

721 
722 

723 

724 
725 

51  98  41 

52  12  84 
52  27  29 
52  41  76 
52  56  25 

374  805  361 

376  367  048 

377  933  067 

379  503  424 
381  078  125 

26.8514 
26.8701 
26.8887 
26.9072 
26.9258 

8.9670 

8.971 1 
8.9752 
8.9794 

89835 

726 

727 

728 
729 

730 

52  70  76 
52  85  29 

52  99  84 

53  14  41 

53  29  00 

53  43  61 
53  5^  24 
53  72  89 

53  87  56 

54  02  25 

54  16  96 
54  3«  69 
54  46  44 
54  61  21 
S4  76  00 

382  657  176       26.9444 

384  240  583       26.9629 

385  828  352       26,9815 
387  420  489       27.0000 
-^Sq  017  000       27.018; 

8.9876 
8.9918 

8.9959 
9.0000 

9.0041 

73» 
732 
733 
734 
735 

390  617  891 

392  223  168 

393  83^  837 
395  446  904 
397  06s  375 

27.0370 

27.0555 
27.0740 

27.0924 

27.1 109 

9.0082 
9.0123 
9.0164 
9.0205 
9.0246 

9.0287 
9.0328 
9.0369 
9.0410 
9.0450 

736 

737 

738 

739 
740 

39S  688  256 

400  315  553 

401  947  272 
403  583  419 
405  224  000 

27.1293 
27.1477 
27.1662 
27.1846 

27.2020 

741  54  90  81 

742  55  05  64 

743  55  20  40 

744  55  35  3^ 

745  55  50  25 

406  S69  021 
40S  518  4S8 

410  172  407 

411  830  784 
413  493  625 

27.2213 
27.2397 
27.2580 
27.2764 
27.2947 

9.0491 

9-0532 
9.0572 
90613 

9.0654 

746 

747 
748 

749 

55  65  16 

55  80  09 

55  95  04 

56  10  01 

56  25  00 

415  160  936        27.3130 

416  832  723        27.3313 

418  508  992       ;       27.3496 

420  i8q  749    ,    27.3679 

421  87:;  000    1    27.3861 

9.0694 

9-0735 

9-0775 
9.0816 

9.0856 

VSEFUl.  TABIDS  AND  MISCELLANEOUS  INFORMATION.  47" 


Numt« 

Squ..., 

Cube. 

Squ.«  Rm. 

Cube  Root. 

7S' 

56  40  01 

423  %H  75! 

27.4044 

^0896 

75- 

56  5504 

42s  259  008 

»7.42»6 

9-0937 

7S3 

56  70  09 

3?^^^ 

27.4408 

9.0977 

7S* 

568s  .6 

37-459' 

9.1017 

7SS 

57  00  as 

43°  368  875 

»7-4773 

9..057 

7S6 

57  '5  3" 

432  oSi   116 

'7-4955 
27.5.3S 

9..C98 

757 

57  30  « 

433  798  093 

9.1.38 

758 

S7  4S  64 

435  5'9  S'= 

27.S3'8 

9.1178 

J8 

57  6081 

JPS^S 

27.5500 

9.12.8 

57  7I  00 

27.568. 

*.25! 

57  9'   =' 

440  7"  081 

17.6043 

9.1298 

76: 

S»c6  44 

442  450  728 

91338 

76J 

581:  69 

444  194  947 

27.6225 

9..  378 

76+ 

583696 

445  943  744 

27.6405 

9..4.8 

76s 

^J?.S'_'5_ 

447  697   1:5 

27.6586 

9.M5B 

766 

Vl% 

449  455  "^ 

27.6767 

9.. 498 

767 

45'  ^'7  663 

27.6948 

9-1537 

763 

5898^4 

45'  984  332 

9-.  577 

769 

59  '3  6' 

454  750  ^ 

27-7308 

9,1617 

770 

S9  )9  00 

456  533  000 

17-7489 
27:7669 

9.1657 
9.1696 

J71 

59  44  41 

458  3'4  o" 

77  = 

59  S9  04 

46o«,9  648 

27.7849 

9-.73fi 

773 

59  75  ^ 

46.  889  9,7 

=7.8029 

9-1775 

774 

59  9=>  70 

463  6S4  824 

27.8209 

9..8.S 

775 

60  06  i; 

465  484  375 

17.8388 

g.1855 

776 

60   3  1    76 

467  288  576 

27.85^8 

9-1894 

777 

60   37    19 

469  097  433 

27.8747 

9-1933 

778 

605184 

60  68  41 

470  910  952 

27.8927 

9-'973 

779 

472  729  139 

27.9106 

9.20.2 

780 

608400 

474  55^  wx* 

;  7-9285 

9.2052 

78 1 

60996. 

476  379  54' 

27.9464 

9.209. 

78J 

61   .5  24 

478  ^^^   768 

27 .9643 

9.2130 

783 

61   3089 

480  048  687 

27.9811 

9.1.70 

7S4 

6:  4O  56 

481  890  304 
483  736  625 

28.0000 

a.2log 

7S5 

6,  62  ,5 

28.0179 

9.2248 

786 

61  7796 

48s  587  656 

280357 

9.2287 

787 

61  93  69 

487  443  403 

28.0535 

9.2326 

788 

6j  0944 

489  3°3  872 

280713 

9- 2365 

789 

6«  .s  " 

49'   '69  069 

180891 

9.2404 

790 

62  41  00 

493  039  000 

281069 

9-2443 

79' 

62  56  81 

494  9' 3  671 

23.".  247 

9.24S2 

792 

627^64 

496  793  088 

28.1425 

9.2521 

793 

61  88  49 

498  677  JS7 

28.1603 

9.1560 

794 

63  04  36 

500  566  I 84 

28.I780 

9.2599 

79S 

63  JO  25 

502  459  S?  5 

2B..9S7 

9-2638 

-^ 

63  36  .6 

V".  358  336 

506  261   573 

28.21 3S 

9.2677 

I'il 

63  52  09 

2823.2 

9.27.6 

798 

636804 

508  169  592 

28. 2 489 

9- =7  54 

799 

63  84  0. 

510  08=  399 

28.2666 

9-2793 

800 

6*  00  00 

Sij  000  000 

28.2843 

9-2832 

47" 


DttAIViyC  AND  DBSJCmtrG. 


Numbe- 

Square. 

Cube. 

Square  koot. 

Cube  Root 

80 1 
802 
803 
804 
80s 

64  16  01 

64  32  04 
64  48  09 
64  64  16 
64  80  25 

513  02a  401 
515  849  608 

S17  781  637 
519  718  464 
521  660  125 

28.5019 

a8.3i96 

28.3373 

28.3549 
28.3725 

9.2870 

9.2900 
9.2948 
9.2986 

9-3025 

806 

807 
808 
809 
810 

64  96  36 

65  12  49 
65  28  64 
65  44  8i 

65  61  CO 

523  606  616 

525  557  943 

527  514  112 

529  47S  129 
531  44(  000 

28.3901 
28.4077 
28.4253 
28.4429 
28.4605 

9-3063 
9.3102 
9-3»40 

9-3 « 79 
9-3217 

81X 
812 

814 

8.5 

65  77  21 

65  93  44 

66  09  69 

66  25  96 

66  42  25 

533  4"  73« 
535  387  328 
537  367  797 
539  353  144 
541  343  375 

28.4781 
28.4956 
28.513a 

^!-5327 
28.5482 

9^3255 
9-3294 

9-333* 
9-3370 
9-3408 

816 

817 

818 

819 
820 

66  58  56 

667489 

66  91  24 

67  07  61 
67  24  00 

543  338  496 

545  338  S»3 

547  343  43« 

549  353  259 
551  368  000 

28.5657 
28.5832 
28.6007 
28.6182 
28.6356 

9-3447 
9-3485 
9-3523 
9-3561 
9-3599 

821 
823 

824 

825 

67  40  41 
67  56  84 

67  73  29 

67  89  76 

68  06  25 

553  387  661 
555  412  248 

557  441  767 
559  476  224 

561  515  625 

286531 
28.6705 
28.6880 

287054 
28.7228 

9-3637 
9^3675 
9^3713 
9-3751 
9-3789 

826 

827 

828 
829 

830 

68  22  76 
68  39  29 
68  5584 
68  72  41 

68  89  00 

69  05  6t 
69  22  24 
69  3$  89 

69  55  56 
69  72  25 

69  88  96 

70  05  69 
70  22  44 
70  39  21 
70  56  00 

563  559  976 
565  609  283 
567  663  552 
569  722  789 
571  787  000 

28.7402 

28.7576 

28.7750 

28.7924 
28.8097 

93827 
9-3865 
9-3902 
9-3940 
9-3978 

9.4016 

9-4053 
9.4091 

9.4129 

9.4166 

832 
833 

834 
83s 

573  856  191 
575  930  368 
578  009  537 
580  093  704 
582  182  875 

28.8271 
28.8444 
28.8617 
28.8791 
28.8964 

836 

837 

838 
839 

840 

584  277  056 
586  376  253 
588  480  472 

590  589  719 
592  704  000 

28.9137 
28.9310 
28.9482 
28.9655 
28.9828 

9-4204 

9-4241 

9.4279 
9.4316 

9-4354 

841 
842 

843 
844 

845 

70  72  81 

70  89  64 

71  oiS  49 
71  23  36 
71  40  2«; 

594  823  321 
596  947  688 
599  077  107 
601  211  584 
603  351  125 

^5  495  736 
607  645  423 

609  8co  192 

6 1 1  960  049 

614  125  000 

29.0000 
29.0172 

29-0345 
29.0517 

29.0689 

9-439» 
9-4429 
9.4466 

9-4503 
9-4541 

846 

847 
848 

849 
850 

71  57  10 
71  74  09 

71  91  04 

72  08  01 
72  25  00 

29.0861 

29- 1033 
29.1204 

29. 1 376 
29.1548 

9-4578 

9-4615 
9-4652 
9.4690 

9-4727 

USEFUL   TABLES,  AND  MISCELLANEOUS  INFORMATION.  47" 


«"-'" 

S-l-r^. 

Cube. 

>q.u...  H..O. 

Lute  K«r, 

«S' 

7*  4*  ot 

616  J9S  051 

39.1719 

9-4764 

Sjj 
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WIRE  AND  SHEET-METAL  GAUGES  COMPARED. 
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CHAPTER  I .• 


SCREWS.  NUTS,  AND  BOLTS. 

A  Screw  is  a  helical  projection  or  thread  fonned  upon  a 
cylinder  and  is  the  most  common  device  used  in  mechanical 


Fio.  as. 

combinations.     It  is  employed   in  the  construction  of  ma- 
chinery  for   producing    pressure    contact    and    transmitting 

•  Copyright. 
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motion.  When  the  thread  of  an  external  screw  is  made  to 
fit  into  the  corresponding  hollow  of  an  internal  screw 
(Fig.  28)  the  latter  is  termed  its  nut. 

The  Pitch  of  a  Screw-thread  is  the  lineal  distance  its 
nut  would  advance  along  the  axis  in  one  turn.  In  a  single- 
threaded  screw  the  pitch  is  the  distance  between  the  centres 
of  two  consecutive  threads  measured  in  the  direction  of  the 
axis,  in  a  double-threaded  screw  it  is  the  distance  from 
centre  to  centre  of  every  alternate  thread,  and  in  a  triple- 
threaded  screw  it  is  a  distance  that  will  embrace  three  threads. 
For  screw-fastenings,  instead  of  giving  the  pitch  the  number 
of  threads  per  inch  of  screw  is  given — for  example,  a  bolt 
of  \"  diameter  has  generally  8  threads  per  inch;  this  means 
that  the  bolt  has  a  single  thread  wound  around  it  8  times  for 
every  inch  of  its  length. 

Right-  and  Left-handed  Screws. — Screws  are  made 
right-  and  left-handed,  of  which  the  right-handed  are  the 
more  common  and  are  distinguished  by  their  nuts  advancing 
along  the  screws  when  turned  in  the  direction  in  which  the 
hands  of  a  watch  revolve.  On  a  drawing  the  right-handed 
screws  are  distinguished  by  the  threads  inclining  upwards 
towards  the  right  hand  when  the  screws  are  in  a  vertical 
position,  as  in  Fig.  28.  When  a  nut  with  a  right-handed 
thread  is  shown  in  section  the  direction  of  the  threads  in  the 
nut  is  the  opposite  to  the  threads  on  the  screw. 

The  Nominal  Diameter  of  a  Screw  is  the  diameter  over 
the  tops  of  the  threads  and  is  equal  to  the  diameter  of  the 
cylinder  upon  which  the  thread  is  cut.  It  is  the  area  of  the 
nominal  diameter  that  is  considered  when  estimating  the 
shearing  strength. 
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The  Effective  Diameter  is  the  diameter  at  the  iMttom 
of  the  thread  and  is  equal  to  the  diameter  of  the  hole  in  the 
nut  before  its  threads  are  cut.  Unless  when  the  bolts  are 
subjected  to  a  shearing  stress,  it  is  the  area  of  the  effective 
diameter  that  is  considered  in  estimating  their  strength. 

The  Depth  of  the  Thread  is  the  distance  measured 
perpendicularly  to  the  axis  of  the  screw  from  the  top  to  the 
bottom  of  the  thread. 

NOTATION. 

d^  nominal  diameter  of  bolt; 

(/,=  effective  diameter  of  bolt; 

S  =  depth  of  thread; 

tf,=  total  depth  of  V; 

/  =  pitch  of  thread ; 

n  =  number  of  threads  per  inch. 
The  Forms  of  Screw-threads  in  general  use  in  machine 
construction  are  represented  in  Figs.  29-33.  The  V  thread 
is  adopted  on  all  screw-fastenings  because  of  the  shearing 
strength  of  the  threads  and  frictional  holding  power,  which 
is  due  to  the  normal  pressure  on  the  thread  being  inclined 
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Fig.  19 
to  the  axis  of  the  screw.     This  normal   force  N,   Fig.   29, 
iii^iy  be  resolved  into  two  components,  one  L  parallel  to  the 
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axis  of  the  screw,  and  the  other  R  at  right  angles  to  it. 
L  represents  the  load  carried  by  the  thread  and  R  the  force 
tending  to  burst  the  nut;  therefore  the  greater  the  angle 
of  the  V  the  greater  will  be  the  normal  component  or 
bursting  force,  and,  the  friction  being  proportional  to  the 
normal  force,  it  will  increase  with  the  angle  of  the  V.  Of 
the  forms  of  V  threads  shown  two  (Figs.  29  and  33)  are  in 
common  use  in  the  United  States  for  bolts  and  nuts.' 

The  Sellers  or  United  States  Standard,  a  section  of 
which  is  shown  in  Fig.  29,  has  been  adopted  by  the  U.  S. 
Government,  the  Railway  Master  Mechanics'  Association,  the 
Master  Car-builders*  Association,  and  many  of  the  principal 
manufactories  in  this  country.  The  sides  of  this  thread 
form  an  angle  of  60°  with  each  other,  and  are  ^  of  d^  short  of 
meeting  at  a  sharp  point  at  the  tops  and  bottoms,  which 
makes  the  sides  of  the  thread  in  length  equal  to  |  of  the 
pitch,  and  the  depth  of  thread  6  will  be  expressed  by  the 
formula 

<y  =  f  X/sin  6o^  =  o.6j/ (i) 

The  effective  diameter  will  then  be 

rf,  =  ^/  — 2<y  =  ^/— 1.3/  =  ^/—   — .        .     .     (2) 

ft 

The  relation  between  the  pitch  and  the  diameter  will  be  ex- 
pressed by  the  formula 


/  =  0.244/^^0.625 —0.175.      •     •     •     (3) 
The  number  of  threads  per  inch  is 

If  =  -  =  = .      .     •     (4) 

/       0.24  ^d  +  0.625  —  0-175 
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The  table  of  proportions  on  page  ja  has  been  deduced  from 
the  preceding  formulz.  A  difference,  however,  may  be  found 
between  the  formulae  and  the  table  in  the  number  of  threads 
per  inch,  as  the  table  has  been  modified  to  avoid  as  far  as 
practicable  troublesome  combinations  in  the  gears  of  screw- 
cutting  machines. 

Ezerdoe  i. — Draw  6  threads  in  sectional  outline,  of  the 
Sellers  thread  (Fig.  29),  suitable  for  a  screw  6"  in  diameter. 
Scale  three  limes  full  sixe. 

Construction. — B^n  by  drawing  a  horizontal  line  in  the 
upper  left-hand  comer  of  the  p^>er  {"  down  from  the  border- 
line, and  a  vertical  line  about  {"  in  from  the  left-hand  border- 
line. Then  find  the  pitch  /  by  the  formula  (3),  and  from 
where  the  two  lines  you  have  just  drawn  intersect  mark  off 
with  the  scale  on  the  horizontal  line  6  points  a  distance 
apart  equal  to  the  pitch  as  found  by  the  formula.  Throu^ 
these  points  with  the  30"  triangle  draw  the  Vs.  Complete 
the  pencilling  by  dividing  the  depth  of  the  V  into  8  equal 
divisions,  and  cut  oS  one  division  at  the  top  and  bottom  of 
each  thread. 

The  Sharp  V  Thread,  shown  in  Fig.  30,  is  one  of  the 

{, f — *1 


Fio.  30. 
forms  of  threads  that  were  in  use  before  the  Sellers  thread 
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was  adopted  as  the  U.  S.  standard,  and  is  still  used,  although 
condemned  by  all  progressive  engineers.  This  thread  is  the 
same  as  the  Sellers  thread  except  that  the  sides  are  made  to 
meet  at  a  sharp  point  at  the  top  and  bottom,  which  makes 
the  sides  of  the  thread  equal  in  length  to  the  pitch/,  and 
the  depth  of  the  thread  <y,  will  be  expressed  by  the  formula 

<y,  =/ sin  60^  =  0.866/ (5) 

The  effective  diameter  of  the  bolt  {d)  will  then  be  expressed 
by  the  formula 

^/,  =  rf— 2  X  0.866/=  ^/— 1.732.       .     .     (6) 

Now,  comparing  the  effective  diameters,  we  have : 

U.  S.  threads  d,=^d—i.ip (2) 

V  threads  rf;  =  ^/—  1.732/ (6) 

This  serves  to  show  that  with  an  equal  pitch  the  effective 
diameter  of  the  screw  having  a  U.  S.  standard  thread  is 
greater  than  one  with  a  sharp  V  thread.  While  the  latter  form 
of  thread  materially  diminishes  the  strength  of  the  bolt,  the 
sharp  point  adds  very  little  strength  to  the  thread.  A  fur- 
ther objection  to  this  form  of  thread  is  the  variation  in  depth 
of  the  threads  due  to  the  wear  of  the  sharp  points  on  the  taps 
and  dies  used  in  producing  them. 

The  Whitworth  V  Thread,  an  outline  section  of  which 
is  shown  in  Fig.  31,  is  the  British  standard,  and  is  generally 
adopted  on  all  screw-fastenings  in  British  machine  construc- 
tion. It  has  the  sides  of  the  V  inclined  to  each  other  at  an 
angle  of  55®,  and  has  an  amount  rounded  off  at  the  top  and 
bottom  equal  to  -J-  of  the  total  depth  of  the  V.      The  table  0/ 
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dimensions  for  Wkitwortk  screws  (page  70)  has  been  deduced 
from  the  following  formulx.     The  total  depth  of  the  V 

tf,  =  0.5  cot  27^"  =  0.96/ (7) 

,L         I         .1. 0    —J 

% 

li| 

Fio.  31. 

The  depth  of  the  finished  thread 

tf  =  1  X  0.96/  =  0.64^.       ....     (8) 

The  pitch  /=o.o8rf+o.04 (9) 

Number  of  threads  per  inch 

=  -     and    p=  - (10) 

/  ■^       «  *     ' 

Tlir  tli.imcter  at  the  bottom  of  the  thread  will  be  given  by 

(he  lorniiilu 

</,  =  rf— 2  X  0.64/>  =  </— ^.  .     .     .     (tt) 

Kifrciae  a. — Draw  6  threads  of  the  Whit-worth  form  of 
fif,:hi  {^'"'i'--  .^0-     Pitch  i"'     Sca/e  three  times  full  size. 

I  ,>ii\ltiiilio». — At  a  suitable  distance  below  the  drawing 
,1    I  III-  Srll'"^    thread  draw  two   horizontal  lines  parallel  to 

li  olIiiT  'ind  ''  distance  apart  equal  to  0.96^.  On  the 
I  ,,'1  Ijnr  lu.irk  off  a  distance  ab  equal  to  the  pitch.     Bisect 
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Jib  and  draw  the  bisecting  line  to  cut  the  lower  parallel  line 
at  the  point  c.  Join  ca  and  cb,  which  will  be  inclined  to  each 
other  at  an  angle  of  55**.  Mark  off  the  pitch  from  b  along 
the  upper  line,  and  from  c  along  the  lower  line,  to  give  the 
required  number  of  threads.  Complete  the  pencilling  by 
rounding  off  the  sharp  points  of  the  V. 

The  Square  Screw-thread. — The  form  of  thread  which 
is  invariably  called  the  square  thread  is  really  a  rectangle, 
the  depth  of  the  thread  being  equal  to  0.485/  and  its  width 
^qual  to  0.5/.  However,  it  is  usual  and  accurate  enough 
to  make  it  square  upon  the  drawing.  *  On  screws  of  the 
:same  diameter  the  pitch  of  a  square-threaded  screw  is  usually 
nnade  equal  to  twice  the  pitch  of  one  with  a  V  thread ; 
therefore  the  square  thread  will  have  only  half  the  amount 
of  material  at  the  bottom  of  the  thread  that  the  V  thread 
has  to  resist  the  shearing  action  of  the  load.  As  the  bearing- 
surfaces  of  this  screw  are  perpendicular  to  the  axis,  and  the 
force  applied  parallel  to  it,  there  will  be  no  bursting  force 
upon  the  nut ;  and  as  the  reaction  is  nearly  equal  to  the  load 
on  the  square-threaded  screw,  there  will  be  less  friction  than 
there  is  under  the  same  conditions  with  a  V  thread ;  conse- 
quently the  square  thread   is    best  adapted  for  transmitting 

inbtion  wlien  the  load  has  to  be  moved  in  opposite  directions. 
_     --         ■      ■  ■ — - ~  *  * 

The  Knuckle  or  Rounded  Screw-thread  is  a  modifica- 
tion of  the  square  thread  in  which  the  top  and  bottom  of  each 
thread  are  made  semicircular,  as  shown  in  Fig.  32.  This  form 
of  thread  is  used  for  rough  work  and  can  be  readily  thrown 
in  and  out  of  gear  with  a  portion  of  a  nut. 

The  Buttress  Screw-thread  is  a  combination  of  the  V 
and  square  threads,   one  side  being  perpendicular,   and   the 

♦  Klein  gives  ^=»  .08+  .09J,  Ji  =  .91^—  .oS. 


5&  DRAWING   AMD   DESIGNING. 

Other  inclined  at  an  angle  o(  45°  to  the  axis  of  the  screw, 
and   has  an  amount  cut  from  the  top  and  bottom  of  each 


Fig.  33. 

thread  equal  to  \  of  the  total  depth  of  the  thread,  as  shown 
in  Fig.  33.  This  form  of  thread  can  be  used  only  when  the 
pressure  is  on  that  side  of  the  thread  which  is  at  right  angles 
to  the  axis  of  the  screw. 


Fig.  33- 

Exerclse  3. — Draw  the  sectional  outline  of  the  square, 
knuckle,  and  buttress  threads  shown  in  Figs.  32  and  33, 
I'ilcli  1".     Scale  twice  full  sise. 

Pipe-threads- — Previous  to  the  year  1862  no  common 
jtysU-m  liiitl  been  agreed  upon  for  the  form  or  proportions 
of  pipe-threads.  Since  that  time,  owing  to  the  efforts  of 
thr  late  Robert  Briggs,  C.E,,  who  proposed  formulae  and 
tiiblcH  for  the  dimensions  of  pipes  and  pipe-threads,  a  standard 
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TABLE  1. 

STANDARD  DIMENSIONS  OF  WROUGHT-IRON  WELDED  TUBES. 

(Briogs  Standard.) 


Diameter  of  Tube. 

Thickness 
of 
Meul. 

Screwed  Ends. 

Nominal 
Inside. 

Actual 
Inside. 

Actual 
Outside. 

Number  of 

Threads  per 

Inch. 

Length  of 
Perfect 
Screw. 

Inchea 

i 
i 
1 
i 

f 

I 

If 
li 

2 

3i 

3 

3i 

4 

4i 

5 

6 

7 

-8 

9 

lO 

Inches. 
0.270 
0.364 
0.494 
0.623 
0.824 
1.048 
1.380 
1. 610 
2.067 
2.468 
3.067 
3.548 
4.026 
4.508 

5.045 
6.065 

7.023 

7.982 

9.000 

10.019 

Inches. 
0.405 
0.540 
0.675 
0.840 
1.050 

I.315 
1.660 

1.900 
2.375 

2.875 
3.500 
4.000 
4.500 
5.000 

5.563 
6.625 

7.625 

8.625 

9.625 

10.750 

Inch. 

0.068 

O.0|88 

0.091 

0.109 

O.I  13 

0.134 
0.140 

0.145 

0.154 
0.204 

0.217 

0.226 

0.237 
0.246 

0.259 
0.280 

0.301 

0.322 

0.344 
0.366 

No. 

27 
18 

18 

14 
14 

Ili 
II 

Ili 
Ili 

8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 

Inches. 
0.19 
0.29 
0.30 

0.39 
0.40 

0.51 

0.54 

0.55 
0.58 
0.89 
0.95 
1. 00 
1.05 
1. 10 
1. 16 
1.26 
1.36 
1.46 

1.57 
1.68 

"Taper  of  conical  tube-ends,  i  in  32  to  axis  of  tube  (f  in.  per  foot  total  taper). 

system  has  been  generally  used  and  was  formally  adopted  by 
the  manufacturers  of  wrought-iron  pipes  and  boiler-tubes  and 
by  the  Association  of  Manufacturers  of  Brass  and  Iron  Steam-, 
Gas-,  and  Water-work  of  the  United  States. 

The  following  is  an  extract  from  a  paper  by  Mr.  Briggs 
as  given  in  the  report  of  the  American  Society  of  Engineers: 

•*  The  thread  employed  has  an  angle  of  60"*;  it  is  slightly 
rounded  off,  both  at  the  top  and  at  the  bottom,  so  that  the 
height  or  depth  of  the  thread,  instead  of  being  exactly  equal 

to  the  pitch,  is  only  four  fifths  of  the  pitch,  or  equal  to  o.8i, 
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if  n  be  the  number  of  threads  per  inch.  For  the  length 
of    tube-end    throughout  which   the    screw-thread  continues 

perfect  the  empirical  formula  used  is  T^=  (o.8Z?4"  4*8)  X  — , 
where  D  is  the  actual  external  diameter  of  the  tube  through- 
out its  parallel  length,  and  is  expressed  in  inches.  Further 
back,  beyond  the  perfect  threads,  come  two  having  the  same 
taper  at  the  bottom,  but  imperfect  at  the  top.  The  remain- 
ing imperfect  portion  of  the  screw-thread,  furthest  back  from 
the  extremity  of  the  tube,  is  not  essential  in  any  way  to  this 
system  of  joint ;  and  its  imperfection  is  simply  incidental  to 
the  process  of  cutting  the  thread  at  a  single  operation. 

Exercise  4. — Draw  a  section  of  a  pipe-screw  (Fig.  34)  for 
a  wrought-iron  pipe  8"  in  diameter.     Scale  five  times  full  size. 


THfteADS 


4y, 4— *;»  — 


2  THKAOS]. 

PUiL  ATMOCn 


Commit  r€  Tihkao 
T     — ^ 


DK 


Fig.  34. 


Construction. — Draw  two  lines  parallel  to  each  other  at 
a  distance  apart  equal  to  the  thickness  of  metal  as  given  in 
the  table ;  then  draw  the  vertical  line  2  to  represent  the  end 
of  the  pipe,  and  from  2  along  the  line  i  mark  off  3,  4,  equal 
to  71  Taper  i  in  J2  means  an  inclination  of  i  unit  in  height 
to  every  J 2  units  in  length.  From  the  point  4  draw  the  line  5 
at  the  required  inclination.  On  the  line  5  from  where  it 
intersects  2  mark  off  points  at  a  distance  apart  equal  to  the 
pitchy  and  through  these  points  with  the  30°  triangle  draw  the 
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threads.  The  bottoms  of  the  last  4  threads  are  cut  off  by 
drawing  a  line  from  the  bottom  of  the  last  thread  that  i» 
full  at  the  bottom  to  a  point  on  the  surface  of  the  pipe  which 
is  a  distance  beyond  the  screwed  part  equal  to  the  pitch. 

SfTCW-thread  ConTentions. — The  method  of  drawing- 
screws  to  represent  their  true  form  is  shown  in  Fig.  28, 
but  it  is  quite  obvious  that  it  is  unnecessary  for  the  drafts- 
man to  perform  this  lengthy  geometrical  construction  to 
indicate  each  screwed  piece  upon  the  drawing.  Instead 
he  adopts  some  convention  suitable  to  the  class  of  draw- 
ing he  15  making  that  can  be  quickly  drawn  and  is  generally 
understood  to  represent  a  screw-thread.     Fig.  35,   No.    i, 


Fio.  3S. 


shows  a  convention  for  a  double  V  thread;  No.  2,  a  single 
V  thread;  No.  3,  a  single  square  thread;  No.  4,  a  single 
left-hand  V  thread;  No.  5,  a  double  right-hand  square 
thread;  No.  6,  any  V  thread  of  small  diameter;  No.  7, 
any  thread  of  very  small  diameter.  The  method  adopted 
on  rough  drawings  and  sketches  is  shown  at  No,  "j.  The 
dotted  lines  'indicate  the  bottom  of  the  thread,  and  the 
distance  they  extend  along    the   piece   the  length  of    the 
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screwed  part.  At  Nos.  i,  2,  4  are  shown  conventions 
adopted  upon  finished  drawings  to  represent  threaded  screws 
of  a  large  diameter  and  wide  pitch.  There  are  various  ways 
of  improving  the  appearance  of  this  convention:  one  is 
by  shading  the  lower  lines  of  each  thread,  as  shown  in  Fig. 
37,  and  another  method  is  to  fill  in  completely  the  under 
side  of  the  thread,  as  shown  in  Fig.  39.  At  No.  6  is 
shown  a  method  adopted  on  working  drawings  to  represent 
screw-threads  upon  pieces  of  a  small  diameter  or  large  screws 
drawn  to  a  small  scale.  Here  the  narrow  lines  indicate  the 
top  and  the  wide  lines  the  bottom  of  the  screw-thread. 
When  a  very  long  screw  has  to  be  represented  upon  a  draw- 
ing, as  is  often  the  case  with  the  square-threaded  screw,  a 
few  threads  are  drawn  at  the  beginning  of  the  screwed  part, 
and  the  length  of  the  screw  is  indicated  by  dotted  lines  drawn 
from  the  bottoms  of  the  threads. 

The  Nut. — The  most  common  application  of  the  screw 
for  producing  contact  pressure  is  the  bolt,  used  in  conjunction 
with  a  nut,  of  which  there  are  different  forms.  The  form 
most  in  use  is  the  hexagonal  (Fig.  37). 

The  standard  proportions  for  hexagonal  nuts  are: 

//=  height  =  diameter  of  bolt  (d), 

F  =  distance  across  the  flats  =  \\d -\-  \  of  an  inch. 

D  =  distance  across  the  corners  =  (ii^+  i")  ^'^SS- 

Fig.  35  shows  the  true  form  of  the  curves  when  the  end 
of  the  nut  is  machined  to  form  a  part  of  a  sphere  or  cone. 
This  rounding  or  bevelling  off  of  the  corners  is  called  cham- 
fering. The  radius  r  of  the  chamfering  is  made  from  i\d Xo 
2d,  and  the  angle  a  is  made  from  60**  to  45**  with  the  axis  of 
the  nut.      When  representing  nuts  npon  a  drawing  they  should 
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always  be  drawn  to  show  the  distance  across  the  angles,  as  in 
Fig.  40. 

Exerdie  5. — Draw  the  true  curves  of  a  hexagonal  nut  for 
a  bolt  6"  in  diameter  when  the  top  of  the  nut   is  chamfered 


Fig.  36, 
off  to  form  a  part  of  a  sphere  with  a  radius  r  =  1}  times  the 
diameter  of  the  bolt  {d),  and  when  the  chamfering  is  a  part 
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of  a  cone  the  side  of  which  makes  an  angle  of  45*  with  the 
axis  of  the  nut,  as  shown  in  Fig.  36. 

Construction. — Begin  with  the  plan,  first  locating  the  cen- 
tre Cy  and  with  ^  as  a  centre  and  a  radius  equal  to  ^  draw 
the  quadrant  representing  the  hole  in  the  nut,  and  frqm  the 
same  centre  and  a  radius  equal  to  half  the  distance  across  the 
flats  F  draw  the  quadrant  (2>  ^nd  on  this  quadrant  circum- 
scribe a  part  of  a  hexagon  with  the  30^  triangle  and  T  square^ 
as  shown  in  Fig.  37.  Draw  the  part  elevations  and  end 
views,  and  with  r  as  a  radius  and  the  centre  on  the  centre 
line  draw  the  arc  5,  which  represents  the  spherical  chamfer, 
and  on  the  lower  elevation  draw  the  angle  a.  Divide  eb  into 
any  number  of  divisions,  say  6,  at  points  i,  2,  3,  4,  ^d. 
Where  perpendicular  lines  drawn  through  these  points  intersect 
the  arc  5  and  line  L  draw  the  horizontal  lines  7,  8,  9,  10,  11, 
12,  13,  and  with  ^  as  a  centre  and  radii  ci,  r2,  ^3,  ^4,  c^ 
draw  arcs,  and  from  where  these  arcs  intersect  the  inclined 
face  of  the  nut  draw  vertical  lines  to  intersect  the  lines  7,  8, 
9,  10,  etc.  These  points  of  intersection  will  be  points  of  the 
curve  on  the  side  face  of  the  nut.  The  curve  of  the  front 
face  will  be  an  arc  of  a  circle.  To  find  the  curves  on  the  side 
view  draw  a  line  15  say  i"  below  and  parallel  to  the  lower 
face  of  the  nut  in  plan,  and  a  perpendicular  line  14  half 
an  inch  to  the  left  of  the  end  view;  where  the  arcs  drawn 
through  the  points  i,  j,  3,  etc.,  from  the  centre  c  cut  the 
inclined  face  of  the  nut  in  plan  draw  horizontal  lines  to  inter- 
sect the  line  14  ;  and  with  a  centre  at  the  intersection  of  the 
lines  14  and  15  revolve  the  lines  17,  18,  19,  20,  21,  22^  23 
on  to  the  line  1 5  and  draw  perpendicular  lines  through  the 
points  of  intersection.     The  line  17  revolved  will  be  the  cen- 


SCXEWS,  NUTS,  AND  BOLTS. 


63 


tre  of  the  nut  face  on  the  end  view,  and  the  intersection  of 
the  lines  17,  18,  19,  20,  21,  22,  23  with  the  horizontal  lines 
7,  8,  9,  10,  II,  12,  13  will  be  points  on  one  half  of  the  re- 
quired curve.  To  complete  the  curve,  with  a  centre  at  the 
intersection  of  the  line  1 7  and  the  top  of  thejjut  mark  with 
the  compasses  corresponding  points  on  the  otho^side  of  the 
line  17. 

/ 
/ 


Fio.  37. 

A  Conventional  Method  of  representing  large  nuts  on 
drawings  is  shown  in  Fig.  37.  In  this  representation  the 
curves  of  the  nut  are  arcs  of  circles  and  the  corners  are 
chamfered  off  at  an  angle  of  45^  to  the  axis  of  the  nut. 
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Exercise  6. — Draw  the    three   views   for  a    bolt    3"    in 

diameter.     Scale  full  size. 

Construction. — Begin,  as  in  the  last  exercise,  by  drawing 
the  plan.  Locate  the  centre  and  draw  a  circle  equal  in  di- 
ameter to  the  distance  across  the  flats  i\d'\'\"\  on  this 
circle  with  the  set-square  circumscribe  a  hexagon,  and  find 
the  centre  of  the  side  faces  in  the  manner  shown.  Draw  the 
elevation  and  end  view  of  the  hexagon  without  the  curves. 
With  centre  a  and  radius  r^  equal  to  w  draw  the  arc  of  the 
middle  face  tangent  to  the  top  of  the  nut,  and  with  centre  b 
and  radius  r  equal  to  d  draw  the  arcs  3  to  intersect  the  lines 
I  and  2.  These  points  of  intersection  will  be  the  centres  of 
the  arcs  of  the  side  face.  The  method  of  finding  the  centres 
of  the  curves  on  the  end  view  is  clearly  shown  on  the  draw- 
ing. Through  the  points  where  the  outside  diameter  of  the 
bolt  intersects  the  top  of  the  nut  with  a  radius  r*  =  rf 
draw  the  arc  representing  the  bolt-point. 


Fig.  38. 
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When  representing  small  nuts  or  nuts  drawn  to  a  small 
scale,  it  is  usual  to  make  the  distance  across  the  angles 
=  zd.  This  method  does  not  give  the  correct  proportions 
and  should  only  be  used  on  nuts  and  bolt-heads  when  d  is 
less  than  \"  in  diameter  when  drawn  to  scale.  When  nuts 
are  chahlfered  on  the  upper  side  only,  it  is  usual  to  cut 
the  comers  parallel  to  the  axis,  thus  leaving  a  cylindrical 
projection  on  the  under  side,  which  bears  on  the  piece  the 
nut  is  holding,  as  shown  in  Fig.  39. 


Fiii.  39. 

The  diameter  of  the  cylindrical  projection  is  equal  to  the 
distance  across  the  flats  (i  J^+  i")- 

Exercise  7. — Draw  a  hexagonal  nut  for  a  bolt  ^'  in  diam- 
eter chamfered  on  the  upper  side  and  finished  on  the  under 
side  as  shown  in  Fig.  39.  Make  the  distance  across  the 
angles  =  2^/,  and  draw  the  curves  by  the  method  shown  in 
Fig.  38.     Scale  full  size. 

Construction. — Draw  the  semicircle  i,  2  and  divide  it  into 


•y 
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three  equal  divisions  at  the  points  i,  2,  3,  4;  throngh  these 
points  draw  perpendicular  lines  to  intersect  the  top  of  the 
nut.  The  method  of  finding  the  centres  of  the  arcs  of  the 
side  faces  will  be  clearly  understood  from  Fig.  38,  where  r 
is  in  each  case  =  d. 

Machine  fastenings  are  jnost  commonly  effected  by  means 
of  bolts,  keys,  or  rivets.  When  two  or  more  pieces  have  to 
be  held  together  with  the  intention  of  disconnecting  them 
again,  a  bolt  or  key  is  used;  the  rivet  being  used  only  when 
the  connection  is  to  be  permanent.     The  most  common  form 


01  Dolt  used  in  jjcneral  machine  construction  is  the ///j-a^ttwa/, 
hriuiiii  Ml  shown  in  I'if:;.  40. 

Exercises. — Draw  a  hexagonal  headed  bolt  and  nut  in 
jtosilioii  on  A  cast-iron  pipc-flangc  (Fig.  41).  Make  the  bolt 
\"  in  tlianiclcr.     Sia/i-  full si::e. 

Ct'Mslnuli.'ii. —  l'"irst  draw  the  lines  representing  the 
thickness  of  the  piiu-  and  flanges.  The  angles  of  the  nut 
should  be  clear  of  the  fillet  about  J"  and  the  radius  (r)  should 
be  at  least  i".  Therefore,  the  distance  (b)  will  be  equal  to 
half  Ihe  dist.mcr  iuross  the  angles  of  thi  mil  +  i"  +  r.  To 
give  the  Ihuige  a  proper  finish,  ihe  distance  {a)  is  made  from 
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4"  to  i''  greater  than  half  the  distance  across  the  angles  of  the 
liut.    The  number  of  threads  per  inch  will  be  found  in  Table  8. 


7 

4 


The  Square-headed  Bolt. — Fig.  42  is  a  cheaper  make 
than  the  hexagonal  and  is  generally  used  In  structures  of 
rough  iron.  It  is  sometimes,  however,  adopted  in  machine- 
and  engine-construction  generally  when  the  head  is  let  into  a 
recess,  as  shown  in  Fig.  42.  It  is  used  in  this  instance  in 
preference  to  the  hexagonal  head,  because  it  is  easier  to 
make  the  square  recess  in  the  pattern.  In  Fig.  42,  it  is 
shown  in  combination  with  a  square  nut,  the  sides  of  which 
give  a  better  gripping  surface  for  the  wrench  than  the 
hexagonal,  but  the  latter  can  be  screwed  up  in  a  more  con- 
fined position,  as  it  is  only  necessary  to  turn  it  through  an 
angle  of  60°  to  get  the  wrench  or  spanner  on  to  the  next 
two  parallel  faces;  while  the  square  nut  has  to  be  turned 
through  an  angle  of  90°  under  the  same  conditions. 
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TABLE 

UNITED  STATES  STANDARD  OF 


Screw-threads. 


Diameter 

of 

Screw. 

• 

Number 

of 
Threads 
per  Inch. 

Diameter 

at 

Bottom 

of 
Threads. 

Area  at 

Bottom 

of 

Threads  ia 

Square  laches. 

Area  of 

Bolt  Body 

io 

Square  lochci. 

5/16 

7/16 

}i 
9/16 

1 

20 
18 
16 

14 

13 
12 

II 

10 

9 

.185 
.240 
.294 

.344 
.400 

.454 
.507 
.620 

.731 

.027 
.045 
.068 
.093 
.126 
.162 
.202 
.302 
.420 

.049 

.077 
.110 
.150 
.196 
.349 
.307 
.442 
.601 

I 

1% 

8 

7 

7 
6 

6 

5K 

5 

» 

3 

.837 
.940 

1.065 

1. 160 

1.284 

1.389 
1. 491 
1. 616 

.550 
.694 

.893 
1.057 
1.295 
1. 515 
1.746 
2.051 

.785 

.994 
Z.227 

1.485 
1.767 
2.074      . 
2.405 
2.761 

3 

4% 

4 
4 

1. 712 
1.962 
2.176 
2.426 

2.302 
3.023 

3.719 
4.620 

3.142 
3.976 

4.909 
5.940 

3^ 

3X 
3 

2.629 

.2.879 
3.100 

3-317 

5.428 
6.510 

7.548 
8.641 

7.069 

8.296 

9.621 

11.045 

4J< 

3 

3.567 
3.798 
4.028 
4.256 

9.963 
11.329 

12.753 
14.226 

13.566 
14.186 

15.904 
17.7" 

6 

2>^ 
2H 
2^ 

2X 

4.480 

4.730 

4-953 
5.203 

5.423 

15.763 
17.572 
19.267 
21.362 
23.098 

19.635 
31.648 

33.758 
35.967 
38.374 

Note.— The  above  table  gives  the  sizes  of  the  rough  nuts  and  bolt  lieid<    The 
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(CBKW-THaXADS,  TWLTS,  AND   NUTS. 

Nu«, 

»..d.. 

T.p  D<i;i. 

./ 1 

r^1 

hH 

d 

l-l- 

l|i|l 

rni 

© 

1 

tb 

^■^y 

kJ 

V 

•A 

37/64 

7/10 

X 

X 

3/16 

iq/33 

11/16 

10/ H 

5/16 

l<)/64 

X 

H 

i,>;6 

S./64 

63/64 

H 

11/31 

lU 

J/16 

"S/3> 

5/10 

7/16 

a5/64 

a3/6* 

X 

« 

7/16 

,/l6 

31 /3a 

•H 

j5| 

31/64 

l5/3> 

it 

i7/3a 

H 

;ii 

;ii 

X 

;< 

a3'3a 

X 

, 

lit 

'H 

'H 

, 

13/16 

;>J 

IP. 

'A 
all 

Iv 

_a,/3a 

31/3" 

'1^ 

'i 

'(^ 

•A 

1 

il 

3A 

1 

3   ! 

i« 

|j| 

"?* 

>lt 

4A 

■i 

■11 

iH 

3 

3K 

3« 

-<! 

a 

iX 
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3K 

m 

?! 

aV 
aM 
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»X 

i% 

4ll 

6 

aV 

a,'. 

•» 

!M 

m 

'ft 

'» 

3X 

5 

StI 

7,V 

3X 
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?S 

iS 

^fi 
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SK 
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l\\ 

'X 

7A 

■li 

4 

3A 
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4X 

'H 

i 

■^ 

3X 

3<l 

4X 

6K 

4« 

3A 

4i, 
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7V 

3« 

4A 

k 

1 

"1 
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3H 

4 

4A 
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4X 

1" 

"X 

9« 

;^ 
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6 

4A 

It 
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Exerdw  9. — Draw  a  bolt  with  a  square  head,  and  nut,  ai 
shown  in  Fig.  42.  Make  the  bolt  1"  in  diameter.  Scalt 
full  size. 

Construction. — The  proportions  of  -"^ 
heads  and  nuts  will  be  found  in  Table 
8.     The  radius  (r)  is  made  equal  to  F 
and  tangent  to  the  top  of  the  nut  or 
head. 

A  Stud-bolt  consists  of  a  bar 
screwed  at  both  ends  (Fig.  43),  one 
•end  being  screwed  into  the  piece  upon 
which  the  connection  is  made.  The 
other  piece  is  then  passed  over  the  , 
studs  and  secured  by  a  nut.  To  allow 
the  nut  to  make  a  tight  joint,  the 
length  of  the  body  or  plain  part  must 
always  be  less  than  the  thickness  of 
the  piece  into  which  it  passes. 

Studs   are    used    only    when    it    is 
impossible,   or  at  least  very   ii^conve-  j 

nient,  to  use  an  ordinary  bolt.     When 

studs  are  screwed  into  cast  material,  the  screwed  part  should 
extend  into  the  metal  at  least  i\  times  their  diameter,  and 


Fig.  43. 
should  never   be  allowed  to  bear  on  the  bottoms  0/ the  holes. 
Fig.  44  shows  a.  stud  used  to  secure  the  cylinder-cover  (c)  to 
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tbe  cylinder.  Studs  are  preferred  to  bolts  for  this  purpose 
because  the  flanges  can  be  made  very  much  unaller,  and  the 
cover  can  be  removed  and  replaced  without  disturbing  thfr 
cylinder-l^^ng.  A  stud  should  not  be  placed  nearer  to  the 
edge  of  the  metal  than  a  distance  equal  to  (^)  measured 
from  the  centre  of  the  stud,  and  in  steam-tight  joints  it  is 
usual  to  make  the  distance  (a)  equal  to  i}*/,  as  shown  in 
Fig.  44. 

Fig.  43  shows  the  form  of  stud  in  general  use.  The 
body  of  this  stud  is  made  cylindrical  and  equal  in  diameter 
to  the  diameter  of  the  screw.  As  the  weakest  part  of  the 
stud  is  at  the  change  of  section,  tbe  form  of  stud  shown  in 
Fig.  44,  if  subjected  to  a  greater  stress  than  it  could  with- 
stand,  would  break  off,  leaving  the  screwed  part  in  the  metal, 
but  by  cutting  a  semicircular  groove  of  a  depth  =  the  depth 
of  the  thread  on  the  end  of  the  body  that  comes  in  contact 
with  the  piece  into  which  the  stud  is  screwed,  as  in  Fig.  43, 
this  part  is  strengthened  and  the  stud  would  then  break 
where  the  upper  screwed  part  joins  the  body.  The  broken 
stud  can  then  be  easily  removed  by  means  of  a  pipe-wrench* 


FI0.4S. 

In  Fig.  45,  the  stud  has  a  square  body  which  serves  as  a 
shoulder,  against  which  the  stud  may  be  screwed  up  tight  by 
means  of  a  wrench  applied  to  the  square  part.  Studs  with 
round  bodies  are  screwed  into  position  by  means  of  a  tool 
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called  a  stud-nut ;  this  consists  of  a  long  nut  fitted  with  an 
iatenial  screw,  as  shown  in  Fig.  46.     To  avoid  damaging  the 


Fig,  46. 
point  of  the  stud,  the  bottom  of  the  screw  in  the  stud-nut  is 
lined  with  copper.  By  applying  a  wrench  to  the  stud-nut, 
the  stud  can  be  screwed  into  the  tapped  hole  in  the  metal 
until  stopped  by  the  plain  portion  on  the  stud.  The  stud* 
nut  can  then  be  removed  by  a  quick  turn  back. 

Exerdse  lo. — Draw  a  section  of  a  steam-cylinder  end- 
flange,  showing  the  method  of  securing  the  cylinder-cover  or 
head  (c)  to  the  cylinder  (Fig.  44).     Scale  full  size. 

When  a  bolt-head  is  of  such  form,  or  in  a  position  in 
which  it  cannot  be  held  with  a  wrench  to  keep  it  from  revolv- 
ing when  screwing  up  the  nut,  the  bolt  is  provided  with  some 


i#63( 


Fig.  48. 

device  in  the  body  to  overcome  the  difficulty.  The  spherical 
or  button-headed  bolt,  shown  in  Fig.  47,  is  provided  with  a 
square  part  under  the  head,  which  fits  into  a  corresponding 
hole  In  the  material  through  which  it  passes.     Another  de- 
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sign  used  for  the  same  purpose  is  shown  in  Fig.  48;  this  is 
called  a  snug,  and  consists  of  one  or  two  projections  foiled 
on  the  neck  of  the  bolt  and  made  to  fit  a  correspondingly 
shaped  hole  in  the  metal. 

Fig.  49  shows  a  bolt  with  a  countersunk  head  and  nut. 
The  bolt  is  kept  from  revolving  by  a  pin  (/),  which  is  driven 
into  a  hole  drilled  in  the  body  of  the  bolt  close  to  the  head. 
The  projecting  part  of  the  pin  fits  into  a  recess  cut  to  receive 
it.  The  nut  is  provided  with  holes  to  receive  the  spanner 
used  in  screwing  it  up,  and  may  be  made  equal  in  diameter  to 
half  the  amount  of  metal  between  the  bottoms  of  the  threads 


Fig.  49. 

and  the  outside  of  the  nut.  The  depth  of  the  holes  may  be 
made  .  J5  of  //,  the  height  of  the  nut.  The  projecting  part  of 
the  pin  yp\  is  usually  made  scjuare  and  equal  to  .25^.  The 
pin  \C\  is  soiuetinies  screwed  into  the  bolt  to  avoid  its  being 
I\>$t  when  the  bolt  is  withdrawn. 

The  T-headed  Bolt  shown  in  Fig.  50  has  the  sides  of 
thir  head  level  with  the  square  neck  or  body  of  the  bolt,  and 
i$  Uii^Hl  whore  there  is  not  sufticient  room  to  use  bolts  of  the 
h<\u^vM)al  i>r  square-headed  form.  A  common  application  of 
lb  form  of  bolt  is  shown  in  Fig.  50. 
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The  Tap-bolt  shown  in  Fig.  51  makes  3  fastening  with- 
out the  use  of  a  nut.  The  bolt  is  screwed  into  a  tapped 
hole  in  one  of  the  pieces  to  be  connected,  while  the  head 


Fio.  so.  Fi     sr 

presses  on  the  other  piece.  This  form  of  bolt  is  used  in 
place  of  a  stud  where  the  piece  to  be  connected  could  not,  if 
studs  were  used,  be  passed  over  the  projecting  studs,  as  in  a 
pipe -fastening  where  two  of  the  faces  are  at  an  angle  to  each 
■   oj^er. 

There  is  no  standard  for  the   foregoing  bolt-heads  and 
nuts,  but  the  following  proportions  are  in  general  use: 


D  = 


h==.7d,     H=d,     n~.6d,     /=  ijrf. 


Exercise  11. — Draw  a  spherical  or  bulton-fieaded  bolt  vi*\i 
a  square  neck;  and  a  head  with  a  snug  on  the  neck,  as  shown 
in  Figs.  47  and  48.  A  counUrsunk-headed  bolt  with  a  counter' 
tunk  nut  as  shown  in  Fig.  49,  a  T-keaded  bolt  with  a  square 
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neck,   «s   shown    in    Fig.    50,   and   a  taP'bolt,  as   shown   in 
Fig.  51.     Make  dxti  each  case  =  i".     Scale  full  sist. 

Hook-bolt. — ^This  fonn  of  bolt  is  used  where  it  is  im- 
possible or  undeniable  to  have  bolt-holes  through  one  of  the 
CMinected  pieces.  A  common  application  of  this  bolt  is 
(astenii^  pieces  (sodi  as  hangers)  to  flanged  beams,  as  shown 
in  F^.  $3.     To  keep  the  bolt  from  turning,  the  body  is 


>  In  cn>ss>section  and  passes  Into  a  correspond* 
^r  shaped  hole  in  the  connected  piece.  The  diameter  of 
the  »crew  is  rqw.il  to  the  square  body. 

»T— «^y.  ij. Piaw  an  ELKVATioN  of  a  hook-bolt,  fasten- 

1^  k  piece  to  a  flanged  beam,  as  shown  in  Fig.  52,  and 
VlAW  of  tfM  boh  only,  looking  down  on  the  bolt  head.    Scalt 
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Tapered  Bolts  are  used  to  facilitate  fitting  where  it  is 
necessary  that  the  bolt  should  be  a  perfect  fit  in  the  hole. 
Fig.  53  shows  a  tapered  bolt  that  is  in  common  use  in  the 
couplings  of  propeller-shafts  of  steamships.  As  coupling- 
bolts  have  only  to  resist  the  shearing  force,  caused  by  the 

twisting   strain   on   the   shaft,  the   diameter  of   the   bolt  is 

I 


4 


Fig.  53. 
the  diameter   on  the  line  where   the  two  flanges  come   to- 

ftiP 

gether,  and  its  strength  is  equal  to f,, 

4 

As  the  screwed  part  of  the  bolt  has  only  to  resist  the 

tension  due  to   screwing  up,    this  part  is  made  smaller   in 

diameter   than    the    small    end    of   the    tapered    part.       In 

practice,    the    diameter   of   the    screwed    part    is   generally 

7rf+  I 
made   equal  to ,   and    the   height    of   the    nut    from 

J"  to  J"  less  than  the  diameter  of  the  screw.  The  advan- 
tages gained  by  using  tapered  instead  of  parallel  bolts  for 
couplings  are:  they  can  be  made  a  perfect  fit  in  the  hole, 
which  insures  that  the  different  lengths  of  shaft  are  in 
better  alignment,  are  easier  withdrawn,  and,  owing  to  the 
diameter  of  the  screw  being  much  smaller  than  the  diam* 
eter  at  the  junction  of  the  shafts  (i.e.,  the  effective  diam- 
eter), the  flanges  can  be  made  smaller. 

Exercise  13. — Draw  a  tapered  bolt   for  a  marine  shaft- 
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coupling,  showing  a  part  of  the  shaft-flanges»  to  the  dimen- 
sions given  in  Fig.  53.     Scale  half  size i, 

Construction, — Draw  the  centre  line  of  the  bolt,  then  the 
line  showing  the  junction  of  the  flanges,  and  on  this  line 
mark  off  the  diameter  of  the  bolt.  From  the  point  (a)  draw 
the  line  ab  12  inches  long  and  parallel  to  the  axis  of  the 
bolt,  and  from  b  draw  be  perpendicular'  to  ab  and  -f^"  long, 
join  ac  which  makes  the  required  taper.  The  radius'  (r)  is 
equal  to  the  diameter  of  the  bolt  at  the  large  end. 

Exercise  14. — Draw  a  tapered  bolt  as  in  the  preceding 
exercise,  leaving  off  the  parts  of  the  shafts,  and  making  the 
diameter  of  the  bolt  3  inches,  and  the.  length  of  the  body 
equal  to  8  inches.     Scale  Jialf  size. 

Foundation-bolts. — This  class  of  bolts  is  employed  for 
fastening  engine-  and  machine-frames  to  stone,  brick«  or  con- 
crete foundations. 

The  Rag-bolt  (Fig.  54). — This  form  of  bolt  is  fastened 
to  stone  by  cutting  a  Lewis  hole,  which  increases  in  size  as 
it  descends.  The  small  end  of  the  hole  is  made  from  J"  to 
\"  larger  than  the  large  end  of  the  bolt-head.  After  the 
bolt-head  is  placed  in  the  hole,  the  space  between  it  and  the 
sides  of  the  hole  is  filled  with  molten  lead  or  sulphur,  thus 
securing  the  bolt  firmly  in  position.  The  fra^me  is  cast  with 
a  projecting  foot  through  which  a  hole  is  cored.  This  foot 
passes  over  the  foundation-bolt  and  the  engine-  or  machine- 
frame  is  held  in  position  by  the  pressure  of  the  nut.  The 
diameter  of  the  hole  through  the  foot  is  =  ^/  -j"  i"-  The 
diameter  of  the  washer  iv  is  equal  to  2rf+  J",  and  the  thick- 
ness ^  of  d.  The  distance  ^j:  is  =  half  the  diameter  of  the 
washer  -j-  !"•     The  section  of  the  bolt-head  is  oblong  and 
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purposely  made  rough  and  jagged,  which  obviously  increases 
the  resistance  the  bolt  offers  against  being  withdrawn  from 
the  hole.  The  length  L  of  the  head  (A)  is  usually  made 
equal  to  6«/and  has  a  taper  =  ij"  per  foot. 

Exercise  15 — Draw  a  rag-bolt  in  elevation  and  plan  with 
a  part  of  a  cast-iron  engine-frame  as  shown  in  Fig.  54, 
making  (1/  »  =  ij'    in  diameter.      Scale  full  size. 

Construction, — Draw  the  centre  line  and  the  line  repre- 
senting the  top  of  the  stone  foundation,  then  mark  off  to  (b) 
the  distance  which  the  beginning  of  the  head  is  below  the 
level  of  the  top  of  the  foundation,  and  from  the  point  ip) 
find  the  taper  on  one  side  of  the  axis  in  the  same  manner  as 
in  Exercise  13.  Make  the  top  of  the  hole  de  ^"  greater  than 
the  large  end  of  the  bolt-head,  and  through  (/)  draw  a  line 
parallel  to  the  side  of  the  bolt-head  bc^  which  will  represent 
the  edge  of  the  hole.  To  complete  the  other  side  of  the 
bolt-head  mark  off  with  the  dividers  equal  distances  on  the 
other  side  of  the  centre  line. 

The  Lewis  Bolt,  shown  in  Fi^;.  55,  is  used,  in  some 
cases,  in  preference  to  the  rag-bolt,  because  it  can  be  much 
more  easilv  removed,  which  is  accomplished  by  withdrawing 
the  key  K.  The  side  be  of  the  bolt-head  (//)  has  a  taper  of 
1  j'  per  foot,  while  the  opposite  side  is  parallel  to  the  axis 
of  the  holt.  The  length  L  of  the  head  may  be  made  as  in 
tlir  design  of  the  rag-bolt,  equal  to  Cxi, 

In  iMg.  55,  the  bolt  is  shown  holding  down  the  pedestal 
sliown  in  Fig.  54,  page  79.  The  hole  that  the  bolt  passes 
thiou'di  is  rectangular,  to  allow  the  pedestal  to  move 
l.it<-i.illy.  The  proportions  of  the  washer  are  the  same  as  in 
\\\r    List    exercise.      The   thickness    (/)   of  the   key   is    made 
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sufRcient  to  allow  the  large  end  of  the  bolt-head  to  pass 
through  the  small  end  of  the  hole  -|-  ^''  for  clearance,  and 
the  point  should  stop  from  ^'  to  \"  up  from  the  bottom  -of  ' 
the  hole.     The  length  of  the  key-head  is  made  equal  to  2/t 
and  its  thickness  equal  to  /. 

Exercise  z6— Draw  an  elevation  of  a  Lewis  bolt  show- 
ing the  method  of  securing  it  to  the  foundation,  a  section  o^ 
pedestal-base  and  a  PLAN  showing  the  shape  of  the  hole 
through  which  the  bolt  passes,  as  in  Fig.  55.  Draw  also  an 
END  VIEW  of  the  bolt  leaving  out  the  foundation-stone  ami 
pedestal -base.     Make  ^=  2"  in  diameter.     Scale  half  sise. 

Construction. — Proceed  in  the  same  manner  as  in  the 
previous  exercise.  The  distance  (a)  in  this  case  should  be 
equal  to  the  diameter  of  the  washer  (w)  -|-  the  longitudinal   • 

movement   +  i".      Make  /=  --j-a",  /=  i/-(-  half  the 

w 
longitudinal  movement,  r  = [-  J  . 

Anchor-bolts  passing  through  the  foundation  are  recom- 
mended in  preference  to  the  rag  or  Lewis  bolts  wherever  it 
is  possible  to  use  them.  The  heads  are  made  removable,  so 
that  the  bolts  can  be  inserted  from  the  top,  and  are  either 
under  the  foundation  or  in  a  recess  on  the  side,  as  in  Fig.  56. 
The  simplest  form  of  removable  head  is  made  by  screwing 
a  nut  upon  the  lower  end  after  the  bolt  is  in  position  and 
driving- a  split  pin  through  it  to  keep  it  from  working  loose. 
The  objection  to  this  form  of  head,  however,  is  that  the  nut 
cannot  be  removed  without  difficulty  after  it  has  been  in 
place  long  enough  to  rust.  The  usual  and  most  suitable 
form  of  removable  head  for  this  class  of  foundation-bolt  is 
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shown  in  Fig.  56.  In  this  design  the  head  end  is  made 
square  in  section,  and  has  a  rectangular  hole  into  which  the 
cotter  C  is  fitted.  The  bolt  is  kept  from  turning  when  the 
nut  is  being  screwed  up  by  the  square  end  fitting  into  a 
corresponding  hole  in  the  washer  W.  To  keep  the  cotter  C 
from  working  out  of  place  it  is  provided  with  gib-heads  at 
the  ends.  As  the  strength  of  a  bolt  in  tension  is  due  to  the 
area  at  the  bottom  of  the  thread,  the  body  of  the  bolt  may 
be  reduced  to  this  extent  without  reducing  its  strength. 

The  proportions  of  the  cotter  and  the  bolt-end  through 
which  the  cotter  passes  are 

bi  for  shear  would  =  — ,  but  owing  to  the  uncertainty  of  the 

longitudinal  shearing  resistance  of  the  material,  it  is  usual  in 
practice  to  make  it  equal  5,  which  insures  ample  strength. 
The  length  /  of  the  cotter  should  not  be  less  than  25  +  J" 
and  is  usually  made  =  iS,  which  gives  a  better  support  to 
the  washer  ]V,  The  washer  IV  is  usually  made  round  or 
square.  When  round,  D^  the  diameter,  will  be  found  by  the 
formula  r— — 

♦,-    4  4  ,' 

■"s*.     .  . 

D  may  be  taken  as  =\  -  V--5-ri". 

The    vahic    of  /"    may   be    taken  =  4   tons  and  allow  a 
factor  of  safety  oi  20.      Take  the  value  of/,  in  this  case  =  7 


SCREWS,   yUTS,   AND   BOLTS.  Sj 

tons  per  square  inch.  The  thickness  T^of  the  washer  is  made 
from  d^  to  i\d. 

Exercise  17, — Draw  an  elevation  of  an  anchor- bolt  for 
securing  an  engine-frame  to  a  stone  foundation  showing  the 
frame-foot  and  stonewprk  in  section ;  the  top  stone  of  sand- 
stone and  the  under  part  of  brick.  Make  also  an  end  view 
of  the  bolt-head  with  the  cotter  in  section.  Make  d  =z  ij'\ 
Z  =  6'  o",  a^d+  \'\  /  =  2rf+  f .     Scale  half  size. 

Cap-screws,  the  different  forms  of  which  are  shown  in 
FJg-  57»  ^rc  employed  like  the  tap-bolt  for  screwing  two 
or  more  pieces  together.  The  reason  for  the  name  **  cap- 
screws  "  is  that  they  are  used  for  fastening  on  caps  or  covers 
on  machinery,  such  as  the  caps  of  journal-bearings,  etc. 

The  Length  of  a  cap-screw  is  the  distance  under  the 
head,  excepting  the  flat-headed  form,  which  includes  the 
thickness  of  the  head  in  the  length.  The  angle  of  the  cone 
of  the  flat-headed  screw  is  about  76^,  the  sides  making  angles 
of  52^  with  the  top,  but  it  is  usual  to  represent  the  heads  on 
the  drawings  with  the  sides  making  an  angle  of  60^  with  the 
top. 

The  height  of  the  flat-headed  screw  is  =  .7  of  the  screw 
diameter.  The  height  of  the  button-headed  screw  =  .6  of 
the  screw  diameter.  The  width  of  the  saw-cuts  on  the  heads 
are  =  .2  of  the  screw  diameter.  The  other  proportions  are 
given  in  Table  9. 

Collar-screws  are  used  for  the  same  purpose  as  cap- 
screws.  The  collar  under  the  head,  Fig.  58,  gives  a  larger 
bearing-surface  for  the  head  and  is  used  where  the  hole 
through  the  connected  piece  is  larger  than  the  screw 
diameter. 
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TABLE  9. 

CAP-SCREWS. 
(WORCBSTKR  SCRBW  Co.) 

Hexagon  and  Square  Heads. 


Diameter  I 
of  screw  f 

Threads    ) 
to  inch  S 


% 

5/16 

H 

7/i6 

% 

9/16 

\S 

% 

Ti 

X 

iX 

20 

I8 

i6 

14 

12 

12 

II 

10 

9 

8 

7 

7 


Hexagon  Head. 


Diameter 
of  head 


Length 
o 


igth      \ 
fhead  f 


7/i6 

H 

9/i6 

H 

X 

13/16 

H 

I 

iX 

»X 

xH 

% 

5/16 

H 

7/i6 

^ 

9/16 

H 

K 

« 

X 

m 

Square  Head. 


Diameter  i 
of  head  f 

H 

7/16 

^ 

9/16 

H 

11/16 

X 

?< 

'X 

iX 

iH 

iH 

I^ 

Lenrth      ( 
of  head  ) 

X    5/«6 

X 

7/16 

'A 

9/16 

X 

X 

;< 

I 

^yi 

iX 

'X 

Flat,  Round,  Fillister,  and  Hutton  Heads. 


Diiimcier  )  i  / 

of  screw  \  /^ 

Threads     I  ,_ 

to  inch  \  !  *♦" 


.'+' 


20 


5/16 

H 

7/16 

.'^ 

9/16 

H 

H 

« 

I 

18 

16 

14 

12 

12 

II 

10 

9 

8 

Flat  Head. 


Diamc'cr  I 
of  head  \ 


]i 


^s  I  15/32 


Round  and  Fillister  Heads. 


Diamclor  \ 
of  head  li' 

3/16 

X 

H 

7/16 

9/16 

H 

H 

13/16 

^ 

I 

i>< 

Length      1 
of  head  j 

'A 

3/16 

% 

5/16 

y% 

7/16 

'A 

9/16 

H 

X 

^ 

iX 

I 


Button  Head. 


Diameter  | 
of  head  ( 


7/32 

Full 


5/16 


7/16 


9/16 


H 


13/16 


15/16 


iX 


scseifs.  ffUTs.  Aivn  bolts. 


Cap  Screws. 


m\m 


^V  Set-screws  are  employed  to  hold  parts  of  machines  in 
place  by  setting  the  point  of  the  screw  against  the  object  to 
be  held. 


Fki,  58. 
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The  Holding  Power  of  Set-screws. — ^In  tests  (made 
by  G.  Lansa,  A.S.M.E.)  of  the  holding  power  of  set*screw5 
for  securing  pulleys  to  steel  shafts  by  means  of  wrought-iron 
screws  with  points  of  the  form  shown  at  Nos.  i,  2,  and  3 
(Fig.  59).  It  was  found  that  the  round-pointed  form  (No.  i), 
with  the  radius  of  the  point  equal  to  about  the  diameter  of 
the  screw,  had  the  greatest  holding  power.  The  cup-point 
(No.  2),  which  was  case-hardened,  held  well  while  the  edges 
were  sharp,  but  the  holding  power  decreased  after  the  first 
test  because  of  the  edges  becoming  flat.  This  serves  to 
show  that  to  get  good  results  with  this  form  of  point  the 
screw  must  be  made  of  a  harder  material  than  that  of  the 
piece  it  is  holding,  and  should  not  be  used  where  the  point 
is  subjected  to  excessive  wear. 

The  length  of  the  head  and  the  distance  across  the  flats 
is  equal  to  the  diameter  of  the  screw.  The  diameters  of 
the  round  and  flat  pivot-points  (No.  8)  are  equal  to  the 
diameter  at  the  bottom  of  the  threads,  and  the  length  of 
point  =  from  .5^  to  d.  The  angle  of  the  cone  and  hanger 
set-points  is  usually  45°  or  60°. 

Strength  of  Bolts. — In  an  ordinary  bolt  with  a  V  thread 
employed  for  holding  two  or  more  pieces  together  by  the 
pressure  due  to  the  screwing  up  of  the  nut,  the  bolt  would 
yield  (i)  by  tension  combined  with  a  torsional  stress  due  to 
the  friction  between  the  threads  of  the  nut  and  those  of  the 
bolt.  This  combination  of  tension  and  torsion  causes  the 
bolt  to  part  where  the  thread  ends,  because  of  the  rapid 
change  of  section;  (2)  by  shearing  off  the  threads;  (3)  by 
shearing  off  the  bolt-head.  Comparing  (i)  with  (2)  it  will  be 
found  that  the  shearing  strength  of  the  thread  on  the  nut  is 
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equal  to  about  twice  the  strength  of  the  section  at  the 
bottom  of  the  thread,  but  in  practice  it  is  found  that  when 
the  depth  of  the  nut  is  made  less  than  .7  of  the  bolt 
diameter,  the  threads  are  injured.  Bolts  or  studs  used  for 
face-joints  on  vessels  subjected  to  internal  pressure,  depend 
upon  the  care  exercised  by  the  workman  to  leave  sufficient 
strength  to  withstand  the  pressure  after  the  bolt  is  screwed 
up.  As  the  amount  of  strength  left  is  an  unknown  and 
uncertain  quantity,  the  stress  upon  the  bolts  calculated  from 
the  internal  pressure  should  be  kept  very  low,  and  no  face- 
joints,  unless  very  small  ones,  should  have  bolts  less  than  ^"^ 
in  diameter.  In  permanent  joints  the  stress  thus  calculated 
per  square  inch  of  section  of  bolt  at  the  bottom  of  thread 
should  not  exceed  6000  lbs. ;  and  for  bolts  in  joints  frequently 
broken  the  stress  should  be  as  low  as  2000  lbs.  Thus  d^ » 
the  diameter  at  the  bottom  of  the  thread,  to  withstand  the 
required  pressure,  will  be  found  by  the  formula 


''■"VtsttW; ^'^> 


a  =  area  of  exposed  surface  in  square  inches; 
/  =  the  pressure  per  square  inch; 

;/  =  the  number  of  bolts; 
/f  =■  the  strain  per  square  inch; 

Unwin's  formula  for  cylinder-bolts  or  studs  is 


^'  =  \/[-.V^- ('4) 
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D  =  the  diameter  of  the  cylinder; 
/  =  the  pressure  per  square  inch ; 
n  =  the  number  of  bolts. 
f  =  the  strain  per  square  inch  =  2000  lbs.  when  the 

diameter  of  the  cylinder  is   lo"'  or  less,  and 

4000  lbs.  when  above. 

Cylinder-cover  and  steam-chest  cover-bolts  should  be  of 
soft  steel. 

Bolts  of  Uniform  Strength. — When  a  bolt  in  tension  is 
subjected  to  irregular  strains  and  heavy  vibrations,  it  is  made 
lighter  and  stronger  by  making  the  area  of  the  cross-section 
of  the  unscrewed  part  equal  to  that  of  the  screwed  part  at 
the  bottom  of  the  threads.  This  is  obtained  by  turning 
down  the  bolt-body  to  the  same  diameter  as  the  screwed  part 
at  the  bottom  of  the  threads,  leaving  a  part  at  each  end  to 
fit  the  hole,  as  shown  in  Fig.  60. 


FiO.  60. 

Another  method  adopted  where  it  is  necessary  that  the 
bolt  should  fill  the  hole  it  is  fitted  into,  is  to  drill  a  hole 
through  the  centre  of  the  bolt  from  the  head  up  to  where  the 
screw  ends,  as  shown  in  Fig.  61. 

The  diameter  of  the  hole  is  found  by  the  formula 


rf,  =  ^d'  -  d:. 


(I5> 
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where  d.  =  diameter  of  the  bolt ; 

d  =  outside  diameter  of  the  bolt-body; 

d^  =  the  diameter  at  the  bottom  of  the  thread* 


f' 


Fio.  6x« 

Nut-locking  Devices. — ^The  pitch  of  the  threads  on  screw 
fastenings  is  such  that  nuts  subjected  to  constant  pressure 
will  not  slack  back  because  of  the  frictional  holding  power 
between  the  threads  of  the  nut  and  those  of  the  bolt  com* 
bined  with  the  friction  between  the  bearing-surface  of  the 
nut  and  the  piece  it  is  fastening.  If,  however,  the  pressure 
is  intermittent  and  there  is  much  vibration,  the  nut  will  slack 
back  when  the  load  on  it  has  been  sufficiently  reduced  to 
allow  the  vibrations  to  overcome  the  friction  which  opposes 
the  turning  of  the  nut.  Consequently,  wherever  a  scre\f  is 
subjected  to  much  vibration  and  a  varying  load,  the  nut  will 
gradually  slack  back  and  allow  the  connection  to  work  loose 
unless  some  locking  device  is  used  to  keep  the  nut  from 
rotating  backward. 

A  Jam-nut  is  the  simplest  and  most  frequently  employed 
device.  This  is  simply  a  second  nut  N  (Fig.  62)  screwed 
down  on  the  top  of  the  lower  nut  L  as  tightly  as  possible, 
and  the  lower  nut  turned  back  to  cause  the  threads  in  the 
nut  N  to  press  upon  the  under  side  of  the  threads  on  the 
bolt,  while  the  threads  in  the  nut  L  press  upon  the  upper 
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side  o[  the  bolt-threads.  Hence  all  slack  between  the 
threads  of  the  bolt  and  those  of  the  nuts  is  taken  up  and  the 
nuts  will  have  a  frictional  holding  power  independent  of  the 


tension  on  the  bolt.  By  this  arrangement  the  load  on  the 
bolt  is  carried  on  the  upper  nut,  which  should  be  the  larger. 
In  practice,  however,  the  thin  nut  is  often  put  on  the  top 
because  when  screwed  down  first  it  requires  a  special  spanner 
to  turn  it  without  disturbing  the  upper  nut,  the  ordinary 
spanner  or  wrench  being  too  thick.  The  general  rule  is  to 
make  the  thin  nut  equal  to  half  the  diameter  of  the  bolt,  but 
many  engineers  use  two  ordinary  nuts,  thus  making  the 
height  of  the  nuts  equal  to  twice  the  diameter  of  the  screw. 
Others  again  make  a  compromise  between  these  methods  and 
make  the  height  of  each  nut  equal  to  \  of  the  screw  diameter. 
We  recommend  the  latter  method  and  have  used  these  pro- 
portions wherever  jam^nuts  are  shown.      This   method   of 
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locking  is  too  cumbersome  to  be  used  oa  Uige-sixed  nuts. 
It  is  rarely  employed  on  nuti  over  i^"  in  diameter. 

SprinGf-washer  Nut-lock. — Thii  con^ts  of  a  nngle  coil 
of  a  steel  spring,  NL,  Fig.  63,  which  keeps  the  nut  J/ from 


mr 


slacking  back,  by  its  elasticity,  when  the  tension  on  the  bolt 
is  reduced.  It  is  employed  quite  extensively  in  railway- 
engineering  practice  for  securing  nuts  subjected  to  the  heavy 
vibrations  common  to  this  class  of  work.  The  form  shown 
in  I'ig.  63  is  that  made  by  the  American  Brake  Beam  Co., 
and  is  employed  to  secure  the  nuts  on  the  bogie  frames,  etc., 
manufactured  by  tliem.  In  the  cross-section  the  top  of  the 
washer  is  inclined  -^^  of  an  inch,  and  when  the  nut  is  screwed 
home  its  under  side  conforms  to  the  part  of  the  washer  in 
contact  with  it.  The  following  proportions  agree  approxi- 
mately with  the  washers  manufkctured  by  the  afore-mentioned 
company: 

The  outside  diameter  =  /"the  distance  across  the  flats  of 
the  nut  +  Vr". 
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The  inside  diameter  =  d  the  diameter  of  the  bolt  -\-  \". 

The  mean  thickness  /  is  equal  to  the  width  w. 

Exercise  i8 — Draw  an  elevation  of  a  spring-washer  nut- 
lock  before  the  nut  is  screwed  down,  as  shown  in  Fig.  63. 
Make  d  =  i"  diameter.     Scaie  twice  full  sise. 

Wiles's  Nut-lock,  shown  in  Fig.  64,  is  an  ordinary  nut 
sawn  half  way  across.     After  the  nut  is  screwed  home  the 


u 


Fig.  64. 


opening  is  partly  closed  by  the  screw  S,  which  causes  the 
threads  in  the  upper  part  of  the  nut  to  clamp  the  correspond- 
ing threads  of  the  bolt.     The  thickness  t  of  the   clamping 
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part  of  the  nut  may  be  made  equal  to  twice  the  pitch  of  the 

F      d 

threads.      The    diameter   of   the   screw   S  = ~,    where 

2        2 

A=  distance  across  the  flat  sides  of  the  nut,  and  </ nominal 

diameter  of  bolt.     As  there  is  not  sufficient  room  on  nuts 

under  1"  in  diameter  to  use  a  set-screw,  they  are  locked  by 

partly  closing  the  saw-cut  with  a  hammer  blow  before  the 

nut  is  put  upon  its  screw. 


Nuts  Locked  by  Means  of  Set-screws.— The  arrange- 
mciits  shown  in   Fig.  65  are  used  on  quick-moving  parts  of 
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machines.  They  are  neat  in  appearance,  simple,  and  effect- 
ive when  subjected  to  the  worst  conditions.  In  Fig.  65  the 
lower  part  of  the  nut  is  turned  to  form  a  cylindrical  projec- 
tion which  fits  into  a  corresponding  counterbore  in  one  of  the 
pieces  connected  by  the  bolt.  Through  the  latter  passes  a 
set-screw  5,  the  point  of  which  presses  on  the  bottom  of  the 
groove  cut  upon  the  cylindrical  projection,  to  keep  the  burs 
raised  by  the  set-screw  from  interfering  with  the  nut  being 
removed. 

The  follovjing  proportions  agree  with  general  practice: 

/r=  rf+i"'*  C7  =  diameter  of  set  screw  at 

5  =  J^  +  y' ;  the  bottom  of  the  threads ; 

I  z=.  d\  r  =  half    the    distance  across 

the  angles  of  the  nut+i''. 

In  addition  to  the  locking  device  it  is  usual,  on  quick- 
moving  parts,  to  extend  the  bolt  beyond  the  nut.  This 
extension  E^  called  a  pin-point,  has  the  threads  cut  off  and  a 
hole  drilled  through  it  into  which  is  fitted  a  split  pin  SP. 
This  renders  the  nut  secure  against  coming  off,  but  does 
not  necessarily  prevent  its  slacking.  The  diameter  of  the 
split  pin  SP'is  .05^+  .13,  /=  2  J  times  the  diameter  of  the 
split  pin,  d^  =  diameter  at  the  bottom  of  the  threads.  A 
method  of  drawing  split  pins  is  shown  in  Fig.  69. 

Exercise  19. — Draw  a  plan,  front  elevation  and  end  eleva- 
tion of  the  locking  arrangement,  shown  in  Fig.  65,  showing 
the  applicatipn  of  the  arrangement  on  a  connecting-rod  end 
of  the  form  shown  in  Fig.  66.  Make  d  =  4^'\  ScaU  half 
size. 
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Canstructum. — Locate  the  centre  lines,  draw  the  hexagon 
and  the  part  of  the  connecting-rod  end  in  plan.  This  is  as 
far  as  we  can  proceed  without  the  elevation.  Draw  the  part 
of  the  connecting-rod  in  front  elevation  and  complete  the 
locking  arrangement,  projecting  the  parts  already  drawn  in 
the  plan  view.  Taking  our  measurements  from  the  plan,  and 
projecting  from  the  front  elevation,  we  can  complete  the  end 
elevation.  We  can  now  complete  the  plan  from  the  front 
elevation  by  projecting  the  parts  not  already  drawn  in  that 
view.  The  method  of  drawing  the  curve  formed  by  cutting 
the  fillet  to  allow  the  nut  to  bear  upon  a  flat  surface,  will  be 
understood  by  following  the  construction  lines  i,  2,  3,  4, 
5,  6.  In  drawing  office  practice  this  curve  is  usually  drawn 
by  an  arc  of  a  circle  passing  through  the  limiting  points. 
All  parts  are  dimensioned  in  inches. 

When  it  is  undesirable  to  counterborethe  piece  upon  which 
the  nut  bears,  as  in  Fig.  65,  the  cylindrical  portion  of  the  nut 
in  mailc  to  fit  into  the  coliar  C  Fig.  66,  which  is  carried 
ujuui  the  outer  surface  of  the  connected  piece,  and  kept  from 
rotating  by  means  of  the  pin  P.  The  nut  is  secured  by  the 
Hot-HCrcw  JjJ"  passing  through  the  collar  and  pressing  on  the 
bottom  of  the  groove  which  is  cut  upon  the  cylindrical  part 
of  thf  nut.  In  some  cases  the  pin  Pis  fitted  into  the  hole 
in  the  connected  piece,  but  in  the  example  shown  in  Fig.  66 
It  Ih  screwed  into  the  piece  to  avoid  the  risk  of  losing  it  when 
thf  ntit  and  collar  arc  removed.  The  proportions  of  the  nut 
i^rc  the  .Hnnie  as  in  the  last  exercise.  The  collar  proportions 
aio  D  =  2//.  r  =  2S  =  |^/+  f .  The  diameter  of  P=  |rf 
I  \*\  The  length  of  P=  2  times  its  diameter*  half  of 
^hicl»  fit«  into  the  collar. 
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Exercise  20 — Draw  an  elevation  of  the  locking  arrange- 
ment shown  in  Fig.  66.     Make  d  =.  2".     Scale  full  size.    . 


Circular  Nut-locking  Device. — The  nut  and  its  locking 
arrangement  shown  in  Fig,  67  are  used  for  securing  the 
piston-rod  to  across-head  of  the  (orm  shown  in  Fig.  67,  On 
the  outer  surface  of  the  nut  N,  longitudinal  grooves  are  cut, 
into  which  the  projections  on  the  spanner,  employed  for 
screwing  it  up,  fit.  The  locking-plate  LP  consists  of  a  plate 
shaped  to  suit  the  curvature  of  the  nut,  and  has  a  projection 
which  fits  into  one  of  the  spanner  grooves.  The  stud  .S"  is 
screwed  into  the  surface  upon  which  the  nut  is  carried,  pass- 
ing through  the  groove  in  the  locking-plate  {LP)  and  is  pre- 
vented   from    unscrewing   by    making   the    part   within    the 
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Fig.  67. 


distance  from  the  centre  of  the  nut  N^  forming  an  angle  with 
the  radial  line  which  passes  through  the  centre  of  the  projec- 
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tion  on  the  locking-plate  equal  to  half  the  angular  distance 
between  two  of  the  spanner  slots.  This  allows  the  nut  to 
be  locked  in  any  position.  After  the  nut  N  is  screwed  into 
position,  the  locking-plate  LP^  with  its  projection  fitting  inta 
one  of  the  grooves,  is  passed  over  the  stud  until  it  rests  upon 
the  piece  fastened  by  the  nut  N.  The  nut  can  then  be 
locked  securely  by  clamping  the  locking-plate  LP^  by  screw- 
ing down  N.  The  nut  iVhas  a  cylindrical  projection  on  the 
under  side  which  fits  into  a  corresponding  recess  in  the  piece 
upon  which  it  bears.  This  insures  that  the  outside  of  the 
nut  is  concentric  with  the  arc  which  passes  through  the 
centre  of  the  locking-plate.  It  also  gives  a  greater  length  o{ 
nut  without  increasing  the  distance  which  the  nut  projects 
from  the  piece  it  is  fastening. 

The  proportions  of  the  nut  and  its  locking  device  are  as 
follows : 

D  =  diameter  across  the  angles  of  the  hexagon ; 
F  =  diameter  across  the  flats  of  the  hexagon ; 
H^d+  I''; 

G=id; 

W=  .04i/+  .13. 

ifake  the  diameter  d'  of  the  stud  5  =  \"  when  nut  N  is 
2"  or  under,  and  f"  for  all  nuts  over  2"  in  diameter.  The 
width  of  the  groove^  in  the  locking- plate  equal  to  the  diam- 
eter of  the  itud  -j-  -^^  The  width  of  the  square  body  on 
the  st»d  s:  d*  and  its  length  =  /  —  \". 

2Z»— -Draw   a   fluted   circular    nut   and   locking 
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arrangement,  as  shown  in  Fig.  67.     Ifake  d  =  €f\     SemU  V 
to  the  foot. 

Construction. — Locate  the  centre  lines,  diaw  the  drde 
makii^  the  diameter  F^  il^+i"*  Tangent  to  the  drde 
draw  the  line  2  to  make  an  angle  of  30"*  with  the  horizontaL 
Determine  the  radius  r  of  the  arc  passing  throus^  the  centre 
of  the  nut-lock  and  complete  the  plan  of  the  nut-lock. 
Determine  the  centres  of  the  spanner  grooves  by  circumscrib- 
ing on  the  half  of  the  circle  i ,  three  sides  of  a  hexagon,  as 
in  Fig.  67.  The  sides  of  the  groove  are  parallel  to  the  radial 
lines  which  bisect  the  angles  formed  by  the  sides  of  the 
hexagon.  Projecting  from  the  plan  complete  the  elevation. 
Construction  lines  are  not  to  be  inked  in. 

In  Fig.  68  is  shown  a  nut-locking  device  used  for  secur- 
ing the  piston-rod  to  the  piston  shown  in  Fig.  66.  The  nut 
N  in  this  case  is  of  cast  steel  and  has  a  projection  on  the 
under  side  which  fits  into  a  corresponding  recess  in  the  lock- 
ing-plate LPy  which  in  turn  fits  into  a  circular  recess  on  the 
piston.  The  locking-plate  has  a  tapped  hole  through  it,  and 
throujjh  this  tapped  hole,  the  ring  is  cut  as  shown  in  Fig.  68. 
After  the  nut  with  its  locking-plate  has  been  screwed  into 
place  a  tapered  plug  P  is  inserted  into  the  tapped  hole. 
This  opens  the  saw-cut  and  forces  the  locking-plate  against 
the  sides  of  the  circular  recess  on  the  piston.  The  nut  is 
thus  securely  locked  by  the  friction  caused  by  the  pressure 
irf  the  locking-plate  against  the  sides  of  the  recess.  The 
following  proportions  may  be  used  for  the  nut  and  locking* 

)>late : 

^/  :3:  nominal  diameter  of  screw; 
/."      iltstance  across  the  flats — \"\ 
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t  =  thickness  of  standard  nut  having  the  same  number  of 
threads  per  inch ; 
H  •=•  d  •\'  thickness  of  locking-plate ; 
r=  .09//+  .7. 

The    size   of   the   pipe-tap   is  =  \d^  but  need  not  exceed 

f"    pipe-tap.      The    projection    on    the    under    side    of   the 

nut   =  7"+  ^V"  ^^  allow  the  nut  to  bear  upon  the  piston. 

W^=  twice  the  diameter  of  the  tapped  hole  at  the  small  end. 

Exercise  22. — Draw  the  nut-lockihg  arrangement  shown 
in  Fig.  68,  showing  part  of  the  piston  and  piston-rod.  Make 
^=  3"  and  having  5  threads  per  inch.     Scale  full  size. 

Construction. — To  find  the  distance  across  the  flats  of  the 
hexagon  turn  to  Table  8,  page  68,  and  find  the  thickness 
of  a  nut  having  5  threads  per  inch  by  subtracting  the  radius 
of  the  screw  from  half  the  distance  across  the  flats.  To  find 
the  diameter  of  the  tapped  hole  at  the  small  end,  turn  to  the 
table  of  Wrought-iron  Pipes  on  page  57.  The  size  of  the 
actual  outside  diameter  is  the  diameter  of  the  tapped  hole  at 
the  large  end,  and  the  hole  is  ^"  less  in  diameter  for  every 
\"  of  its  length.  Complete  the  drawing,  substituting  the 
dimensions  in  inches  for  the  reference  letters,  and  give  the 
number  of  threads  per  inch  on  the  piston-rod  screw  and  the 
nominal  diameter  of  the  pipe-tap. 

Pin  and  Pin-joints. — Pins  connect  pieces  by  their  resist- 
ance to  shearing  at  one  or  two  cross-sections. 

Split  Pins,  when  made  of  a  uniform  diameter  from  ¥nre 
of  a  semicircular  cross-section  and  provided  with  a  head, 
as  in  Fig.  69,  are  used  for  preventing  pieces  from  sepa* 
rating,  while  allowing  a  slight  motion  in  the  direction  of 
the  axis  of  the  piece  that  they  pass  through,  as  in  Fig,  67, 
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The  method  of  drawing  split  pins  is  clearly  shown  in  Fig.  69. 
The  diameter  of  the  pin,  in  proportion  to  the  diameter  d  of 


Fio.  6^ 

the  piece  it  passes  through,  may  be  =  .05^ -|"  *^i»  taking  the 
nearest  size  in  rf^". 

Taper  Pins»  shown  in  Fig.  70,  are  used  for  securing  one 
piece  to  another  in  a  fixed  position,  as  shown  in  Fig.  71. 


Fig.  70. 


They  are  sometimes  split  at  the  small  end,  and  opened  out 
in  the  same  manner  as  the  ordinary  sph't  pin,  to  prevent 
slacking  back.  The  diameter  of  the  tapere\l  pin  at  the  large 
end,  in  proportion  to  the  diameter  {d)  of  the  piece  through 
which  it  passes,  may  be  made  =  .06^ -|-  .13  and  taking  the 
nearest  size  from  Table  lo. 
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TABLE  ICL 

STAXDAKD  STBKL  TAPSft-PIHS. 

Taper  one-qnarter  inch  to  the  foot. 


N-bT !    o 


Dlameier  at    ( 
Urge  end  I 

A|>proxittwte  1 

fractional  > 

siiet) 

Longest  limit  ( 
of  length  I* 


.156 

5/3a 


172   .193    .219.250   .289 


11/64 


3/16   7/3ai  X  ii«/64 


i}i      iX 


2  I  aX 


6 

7 

8 

9 
.591 

•341 

.409.492 

11/32 

13/38 

X 

19/32 

3X 

3H 

4X 

sX* 

2^ 


A  Knuckle-joint  is  a  pin-joint  used  for  connecting 
rods  in  such  a  manner  that  one  of  them  will  have  a  rota 


Fig.  71. 


Fig.  72. 


f  not  Ion  in  one  plane.  The  connection  is  made,  as  shown  in 
V\\[,  71,  by  the  pin  P  passing  through  the  fork,  or  double 
ryr,  formed  on  the  rod  /?,  and  the  single  eye,  on  the  rod  R\ 


f.-  *- 
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which  fits  into  the  fork.  The  parts  of  the  rods  near  the  eye 
and  fork  arc  either  left  square  or  have  the  corners  taken  ofl 
for  a  distance,  which  makes  a  part  of  the  rod  octagonal  in 
cross-section.  In  the  arrangement  shown  in  Fig.  71,  the  pin 
P  is  allowed  to  turn  and  is  kept  in  place  by  the  collar  C, 
which  is  secured  to  the  turntny-pin  /'  bj'  driving  a  taper-pin 
through  it  and  the  collar.  The  width  If  of  the  collar  should 
not  be  less  than  2^  tinnes  the  diameter  of  the  taper-pin. 

Another  method  in  common  use  for  holding  the  turning- 
pin  in  place  is  to  use  a  loose  washer  (fl')  and  split  pin,  as 
shown   in   Fig.   72.     In   Fig.  73,   the  pin  J'  is  held  against 


£^ 


Fig.  73. 
turning  by  a  taper-pin  />  driven  transversely  through  one  of 
the  eyes  on  the  rod  R  and  partly  into  the  pin  P.     By  this 
airangement  all  the  wear,  due  to  the  turning  motion,  is  on 
the  eye  of  the  rod  X',  which  15  fitted  with  a  steel  or  bronze 
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The  Proportions   given  in   Figs.  72   and  73   make 
joint  stronger  than  the  solid  rod.     This  is  necessary  to  a 
for  bending  stresses  produced  when  the  pin  becomes  w 
Unit  0/  proportions  d. 

Exercise  23. — Draw  a  plan,  elevation,  and  end  v 
of  the  joint  shown  in  Fig.  71,  showing  the  method  of  hoh 
the  pin  in  place  by  means  of  a  split  pin  and  washer.      &! 
^  =  I ''     Scale  full  size, 
I  Exercise  24. — Draw  a  plan  partly  in  section,  an  ELI 

TION  and  SECTIONAL  END  VIEW  (the  plane  of  section  pas 
through  the  rod  at  the  line  ab)  of  the  knuckle  joint  show 
Fig.  73,     Make^=ii".     Scale  full  size. 
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CHAPTER    II. 
KEYS,   COTTERS,  AND  GIBS. 

Keys  are  employed  to  connect  wheels,  cranks,  cams, 
etc.,  to  shafting  transmitting  motion  by  rotation.  They  are 
generally  made  of  wrought  iron  or  steel,  and  are  commonly 
rectangular,  square,  or  round  in  cross-section.  The  form  of 
key  in  general  use  is  made  slightly  tapered  and  fits  accurately 
into  the  key-way,  offering  a  frictional  holding  power  against 
the  keyed  piece  moving  along  the  shaft.  The  groove  or  part 
where  the  key  fits  on  the  shaft,  and  the  groove  into  which  it 
fits  on  the  piece  it  is  holding  is  called  the  key-bed,  key- 
way  or  key-seat.  For  square  or  rectangular  keys,  when  the 
keyed  piece  is  stationary  on  the  shaft,  the  bottom  of  the 
groove  on  the  shaft  is  parallel  to  the  axis,  while  that  of  the 
groove  in  the  piece  it  is  securing  is  deeper  at  the  one  end 
than  the  other  to  accommodate  the  taper  of  the  key. 

Keys  may  be  divided  into  three  classes:  i.  Concave  or 
saddle  key;  2.  flat  key;  3.  sunk  key. 

Saddle  Key. — This  form  of  key  has  parallel  sides,  but  is 
slightly  tapered  in  thickness  and  is  concaved  on  the  under 
side  to  suit  the  shaft,  as  shown  in  Fig.  74.  As  the  holding 
power  depends  entirely  upon  the  frictional  resistance,  due  to 
the  pressure  of  the  key  on  the  shaft,  the  saddle  key  is  only 
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adapted  for  securing  pieces  subjected  to  a  light  strain.  When 
this  key  is  used  for  securing  a  piece  permanently,  the  taper  is 
usually  made  i  in  96,  but  when  employed  on  a  piece  requir- 
ing to  be  adjusted,  such  as  an  eccentric,  the  taper  is  increased 
to  I  in  64  to  allow  the  key  to  be  more  easily  loosened. 


Fir,.  74. 


Fic.  75. 


Fiat  Key. — This  form  of  key.  Fig,  75,  dlfTers  from  the 
saddle  key  in  that  it  rests  on  a  flat  surface  filed  upon  the 
shaft.  It  makes  a  fairly  eflicient  fastening,  but  as  it  drives 
by  resisting  the  turning  of  the  shaft  under  it,  there  is  a  tend- 
ency to  burst  the  kcyed-on  piece. 


TABLE   11. 

■  ,.„„■..  .» 

/ 

S/16    !.'16 

6 

9/16 

t 

Sunk  Keys  are  so  called  because  they  are  sunk  into  the 
shaft  and  the  keyedon  piece.  Fig.  76,  which  entirety  pre* 
vt-nts  slipping.  For  engine  construction  they  are  usually 
rectangular  in  cross-section  and  made  to  fit  the  key-seat  oa 
all  sides      When  subjected  to  strains  suddenly  applied,  and 
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in    one   direction,    th«y    are    placed    to    drive   as    a   strut, 
diagonally,  as  in  Fig.  77. 


The   following  table,   taken   from    Kichards's  "  Machine 
Construction,"  agrees  approximately  with  average  practice: 


DIMENSIONS  C 


K  SUNK  KEYS. 


D        1 

iV 

iK 

iV 

, 

I« 

3>i\    4 

6 

R 

B       % 

■i/ife 

M 

7/16 

M 

H 

H 

?S  1     I 

iH 

ltd 

^% 

IV 

T  in^ 

3/.6 

% 

9/3» 

5/ 10 

y» 

7/16 

«   1    « 

n/.6 

13/16 

h 

In    mill-work,  for  fastening   pulleys,   gear-wheels,   coup- 
,  lings,  etc.,  to  shafting  they  are  made  slightly  greater  in  depth 
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than  breadth.  For  machine  tools  they  arc  generally  square 
in  cross-section.  The  following  table  gives  the  sizes  of  keys 
used  by  Wm.  Sellers  &  Co.  both  for  shafting  and  machine 
tools: 


TABLE   13. 


II 

II 

II 

II 

ft 

II 

ff 

n 

D 

I'A 

^H 

2 

2X 

2;^ 

2H 

3 

3)4 

B 

5/16 

5/16 

7/16 

7/16 

9/16 

II/I6 

11/16 

11/16 

T 

H 

H 

Yz 

Yz 

}i 

H 

H 

« 

n 


3^ 
11/16 

H 


// 

D 

4 

B 

13/16 

7' 

'A 

1 

41-2     I       5 
13/16  '   13/16 

"A  'A 


15/16 

I 


6 

15   16 

I 


II 


15/16 
I 


7 


ii'« 


// 

n 

7.-4 

8 

'iV 

H^ 

\yi 

i>i 

Round  Keys. — Taper-pins  (Fig.  78)  are  sometimes  used 

as  keys  to  prevent  rotation  where  a  crank  or  wheel  is  shrunk 

on  to  the  end  of  a  shaft  or  axle.     Round  keys  are  used  in 

such  a  case  because  of  the  ease  in  forming  the  key-way, 
which  is  simply  a  tapered  round  hole  drilled  half  into  the 

shaft  and  half  into  the  shrunk-on  piece.  The  standard  pro- 
portions of  the  pins  are  given  on  page  106.  The  size  at  the 
large  end  nearest  to  ^  of  the  shaft  diameter  may  be  used  for 
this  purpose. 

Fixed  Keys  are  used  when  it  is  undesirable  to  cut  a  long 
key-way  on  the  shaft  to  allow  the  key  to  be  driven  into  place 
after  the  keyed-on  piece  is  in  position.  The  fixed  key  is 
sunk  into  the  shaft,  as  in  Fig.  79,  and  the  keyed-on  piece  is 
driven  into  position  after  the  key  is  in  place. 

When  a  keyed-on  piece  has  to  be  adjusted  to  different 
positions  on  the  shaft*  to  avoid  the  trouble  of  drawing  a 
tight  key  in  and  out.  it  is  made  to  slide  in  the  key-way,  and 
the  keyedon  piece  is  held  against  moving  along  the  shaft  by 
means  of  set-screws,  as  shown  in  Fig.  80.  1 
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Fig.  79.  Fig.  80. 

Sliding  Feather  Key. — This  system  of  keying;  secures 
the  piece  to  the  shaft,  to  transmit  motion  of  rotation,  and  at 
the  same  time  allows  the  keyed-on  piece  to  move  along  the 


Fig.  81.  Fn;.  ^2. 

shaft.  They  may  be  secured  to  the  keyed  piece  and  slide  in 
a  groove  on  the  shaft,  as  in  Fi^.  81,  or  secured  to  the  shaft 
and  slide  in  the  f^roove  in  the  keyed  piece,  as  in  Fi^.  79. 
T!ie  dimensions  for  this  form  of  kev  mav  be  taken  from 
Table  13. 

WoodruflF  Keys. — This  system  of  keyinj^  (Fi^cj.  82^7)  is 
used  for  machine  tools,  or  wherever  accurate  work  is  of  fir^^t 
importance.  With  this  form  of  key,  as  the  key  ri^j^hts  itstif 
to  the  groove  in  the  keyed-on  piece,  there  is  no  danger  of 
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the  work  being  thrown  out  of  true  by  badly  fitted  keys,  and, 
being  deep  in  the  shaft,  it  cannot  turn  in  the  key-seat. 


Key-beads. — When  the  point  of  a  key  cannot  be  con- 
veniently reached  for  the  purpose  of  driving  it  out,  a  head  is 
formed  on  one  end,  as  shown  in  Fig.  76.  Which  shows  the 
proportions  and  method  of  construction  given  in  RiCHARDS's 
'■  Machine  Construction.  " 

5treDg:th  of  Keys. — The  driving  power  of  saddle  keys 
or  keys  on  (lats  cannot  be  calculated  with  any  degree  of 
accuracy.  They  are  used  only  where  the  power  transmitted 
by  the  keyed  on  piece  is  small. 

Sunk  Keys  are  .subjected  to  shearing  and  crushing 
strains,  and  are  required  (1)  to  transmit  the  whole  of  the 
power  transmitted  by  the  shaft,  as  in  crank-shaft  couplings, 
etc.,  or  (2>  only  a  part  of  the  power  transmitted  by  the 
shaft,  as  when  fastening  pulleys,  eccentrics,  etc.  As  a 
general  rule,  however,  all  keys  arc  proportioned  to  suit  the 
first  conditions,  unless  where  the  amount  of  power  trans- 
mitted by  the  shaft  is  exceedingly  great  in  comparison  with 
that  taken  off  at  the  kcyed-on  piece. 

Let  B  —  breadth  of  key; 
/,  =  length  of  key; 

—  =  radius  at  which  key  offers  a  resistance; 
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the  shearing  of   the  material  which    is  =  9000 
for  wrought  iron  and  11,000  for  steel. 

•  1 90^/y^  =  modulus   of   the    section   of    shaft    for   torsion 

=  1720^'    for  wrought-iron  and    2182^'  for 

steel  shafts; 

R  =  the  radius  of  arm  through  which  P^  the  power, 

is  transmitted. 

Under  the  first  conditions  the  strength  of  a  tight  key 
would  be  found  by  the  formula 

f.Bd  =  .i^dy. (16) 

and  under  the  second  conditions  by  the  formula 

f.Bd=PR (17) 

In  the  system  of  sliding  keys  the  crushing  action  pn  the 
key  is  greater  than  when  the  key  is  a  tight  fit  in  the  key-way, 
and  keys  of  this  type  should  be  proportioned  to  have  the 
moment  of  shaft  torsion  =  the  moment  of  key  shearing  = 
moment  of  key  crushing.     Then 

d  TLd 

.ig6dV,^f,BL-=/~^,      .     .     .     (18) 

and  if  we  takey^  =  2^^,  then  T  ^  B.      In  practice,  however, 
B  is  generally  greater  than  T. 

Length  of  Key. — From  the  foregoing  formulae  it  will  be 
seen  that  the  strength  of  the  key  is  directly  proportional  to 
{L)  the  length.     To  find  the  length  L  when  the  full  power  of 
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them  in  position  the  taper  'should  not  be  more  than  i  in  24^ 
(J"  per  foot),  but  where  special  means  are  employed  for' 
holding  the  cotter  against  slacking,  the  taper  may  be  madesr 
as  great  as  i  in  6  (2"  per  foot). 

Forms  and  Proportions  of  Cotter-joints. — ^When  the 
fastening  is  subjected  to  tension  only,  the  arrangement 
shown  in  Fig.  84  is  used  for  securing  two  pieces  together  by_ 
means  of  a  cotter.  Fig.  83  shows  a  method  of  fastening  two 
rods,  R  and  R\  together  to  resist  thrust  and  tension.  The 
joint  is  made  by  fitting  the  end  of  the  rod  R  into  a  socket  5 
formed  on  the  end  of  the  rod  R\  and  through  the  socket  and 
rod  end  driving  a  cotter  until  the  collar  C  bears  against  the 
socket  end. 

As  a  cotter-joint  is  proportioned  to  withstand  the  greatest- 
longitudinal  force  transmitted  by  the  rod,  all  parts  will  there- 
fore be  proportional  to  the  diameter  d^  of  the  rod,  unless 
where  the  dimensions  of  the  rod  are  increased  to  insure  stiflf- 
ness.  The  following  proportions  are  in  accordance  with  good 
practice: 

b,  breadth  of  cotter  =  1.3^,; 

/,  thickness  of  cotter  =  .3^,; 

//,  diameter  of  pierced  rod  =  1.2^,; 

D,  diameter  of  socket  in  front  of  cotter  =  2.4^,  or  2d. 

D^ ,  diameter  of  socket  behind  cotter  =  2^, ; 

/?, ,  diameter  of  collar  on  rod  7?  =  1.5^,; 

A  thickness  of  collar  on  rod  R  =  \d^\ 

/,  the  length  of  the  rod  and  socket  beyond  the  cotter  =  from 
Id,  to  d,. 
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holes  of  a  diameter  equal  to  the  thickness  of  the  cotter  and 
cutting  out  the  metal  between  them.  Again,  this  form  of 
cotter-way  does  not  weaken  the  cottered  pieces  to  quite  the 
same  extent  as  when  the  corners  are  left  sharp.  The  cotters, 
however,  are  not  so  easily  fitted  into  cotter-ways  with  round 
ends,  and  for  that;  reason  some  engineers  maku  the  cotters  of 
rectangular  cross-section,  fitted  into  corresponding  cotter, 
ways. 


Fig,  83. 


Taper  of  Cotters. — When  cotters  are  employed  as  a 
means  of  adjusting  the  length  of  the  connected  pieces,  or  for 
drawing  them  together,  they  are  made  tapcretl  in  width,  as 
fn  Fig.  83,  but  when  used  as  a  holding-piece  only,  the  sides 
are  parallel,  as  in  Fig,  ^6.  When  tapered  cotters  depend 
upon  tlie  friction  between  their  bearing-surfaces  for  retaining 
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rod-end  may  be  made  from  J"  to  i"  per  foot  of  length, 
from  I  in  12  to  i  in  24.    The  diameter  d  on  the  tapered 
end   is  taken,  when  the  cotter-way   is   curved    at  the 
where  the  curve  begins,  as  in  Fig.  84,  and  at  the  end  0 
cotter-way  when  the  cotter-way  is  rectangular. 

Exercise  25. — Draw  a  sectional  elevation,  a  1 
PLAN,  and  HALF  SECTIONAL  PLAN  of  the  cottcr-joint  si 
in  Fig.  83.     Make  d  =  2".     Scale  full  size. 

Exercise  26. — Design  cotter-joints  suitable  for  fasten 
steel  piston-rod  to  the  piston  and   cross-head,  as  sho>* 
Figs.  84  and  85.     Make  the  diameter  of  the  rod  d^  =  2f' 
assume  that  the  rod  is  subjected  to  a  load  of  9000  lbs. 
rod-ends  having  a  taper  of  i  in  12.      Scale  full  she. 

Construction. — Having  determined  the  diameter  (rf) 
rod  suitable  for  resisting  tensile  stresses,  then  from  d  fine 
other  proportions  of  the  joints,  as  in  Exercise  25.  Me; 
off  the  distances  /  and  b  along  the  centre  line  and  mark  0I 
diameter  {li)  at  the  proper  point  according  to  the  sha] 
the  cotter  in  cross-section,  then  in  the  manner  given  i 
construction  in  connection  with  Exercise  13  draw  the 
end  to  the  given  taper.  The  construction  for  fii 
the  taper  need  not  be  inked  in.  Complete  the  dra^ 
filling  in  the  actual  dimensions  and  leaving  off  all  rcfe 
letters. 

COTTER    AND    GIB. 

When  one  of  the  pieces  connected  by  the  cott 
a  thin  straj),  as  in  Fig.  "^C),  a  second  cotter,  call 
gib,  is  used.  The  gib  is  provided  with  a  'head  at 
ends    which  project    over    the    strap    5,    thus  prevent! 
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|ttie  strap)  from  being  forced  open  by  the  friction  between  it 
and  the  cotter  as  the  latter  is  driven  into  place.  Figs.  86 
and  §9  show  the  application  of  gib  and  cotter  to  strap-end 
connecting-rods,  where  R  is  the  rod  and  .S  the  strap.  When 
two  gibs  are  used,  as  in  Fig.  88,  the  sliding  surface  on  each 
side  of  the  cotter  is  the  same.  Instead  o(  having  both  gibs 
tapered,  as  shown  in  Fig.  S8,  one  of  them  may  be  parallel 
and  the  taper  all  on  one  side  of  the  cotter.  The  strength  of 
the  gib  and  cotter  in  combination  is  made  the  same  as  the 


single  cotter  and  should  be  proportional  to  the  strap  5.  The 
working  strength  of  the  strap  at  the  thinnest  part  is  found  by 
the  equation 


2^577,  =  P. 
T 


25/,    \ 


(20) 


wfaere/'is  the  maximum  pull  on  the  rr-^,  T'the  thickness. 
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and  B  the  breadth  of  the  strap.  Then  as  the  gib  and  cotttf 
are  to  have  the  same  strength  as  the  single  cotter,  and  as  B 
is  equal  to,  or  a  little  greater  than  d  (the  diameter  of  therijd)' 
/  may  be  made  equal  to  .25^  and 


\        *='-V^' 


7*»  the  thickness  of  the  strap  where  it  is  pierced  by  the  cot*:d> 
should  not  be  less  than  1.3?",  /',  the  distance  from  the  g>^ 
to  the  end  of  the  strap,  =  2T.  I,  the  distance  from  the 
cotter  to  the  end  of  the  rod,  =  1,5  7".  c,  the  clearance,  shoiiltl 
not  be  less  than  c'  (the  difference  between  the  widest  part  of 
the  cotter  and  the  width  of  the  cotter  at  the  top  of  the  gib- 
head).  The  method  of  constructing  gib-heads  is  shown  in 
Fig.  S7,  where  //.  the  height  of  the  gib-head,  =  ij/. 

Cotter-locking  Arrangements. — A  simple  method,  and 
one  that  is  used  in  nearly  all  cases,  where  possible,  is  to 
screw  one  or  two  set-screws  through  the  rod  until  the  point 
or  points  press  against  the  cotter.  To  keep  the  burs,  raised 
by  the  point  of  the  screw,  from  interfering  with  the  motion 
of  the  cotter,  the  set-screw  bears  on  the  bottom  of  a  shallow 
(jroove  cut  on  the  side  of  the  cotter,  as  shown  in  Fig.  89. 
The  diameter  of  the  set-screw  need  not  exceed  f '.  The 
Irngth  of  the  groove  is  equal  to  the  travel  of  the  cotter 
-|-  the  diameter  of  the  set-screw.  The  travel  of  the  cotter  is 
the  <!i!itance  from  the  top  of  the  gib  (or  where  no  g^b  is  used, 
from  the  top  of  the  piece  into  which  the  cotter  passes)  to  the 
h)|)  of  the  cotter  when  the  cotter  is  just  in  place. 

The  width  of  the  groove  is  equal  to  the  diameter  of  the 
Bot-itcrew  point,  and  the  depth  =  ^". 
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In  Fig.  90  the  cotter  is  locked  by  an  upper  and  lower  nut 
upon  a  screwed  extension  of  the  gib,  which  passes  through  a 
head  formed  on  the  cotter.  This  arrangement  is  used  for 
fastening  in,  and  may  be  used  for  forcing  the  cotter  into, 
Dosition. 

d,  the  diameter  of  the  screw  =  /; 

h,  the  height  of  the  head  =  x^d. 

As  the  axis  of  the  locking-screw  is  not  parallel  with  ttie 
side  of  the  cotter  that  is  in  contact  with  the  gib,  the  hole  in 
the  cotter  head  through  which  the  screw  passes  is  elongated 
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to  an  amount  equal  to  the  taper  of  the  cotter  in  its  length  of 
travel  +  iif"  fo'  clearance. 

Bzerdse  27. — Draw  a  sectional  elevation  and  a  half 

SECTIONAL  PLAN,  a  PLAN,  and  SECTIONAL  END  VIEW  of  a  gib- 
vid  cotter-joint  to  resist  a  tension  of  12,000  lbs.  Make  the 
diameter  (</)  of  the  rod  =  2".     The  cotter  to  have  an  adjust- 
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ment   of  f "  with   a  taper  =  i    in   8.     Show  the  method  of 
Ijjrifmg  the  cotter  by  means  of  a  set-screw.      Scale  full  size. 

Exercise  28. — Draw  a  sectional  elevation  and  plan 
of  a  double  gib-  and  cotter-joint  as  shown  in  Fig.  88,  with 
the  locking  arrangement  shown  in  Fig.  90.  The  joint  to  be 
proportioned  to  resist  a  tension  of  33,000  lbs.,  the  cotter  to 
have  an  adjustment  of  ^"  and  a  taper  of  i  in  10.  Take  the 
diameter  of  the  rod  =  3''.     Scale  full  size. 


CHAPTER    III. 
RIVETS  AND  RIVETED  JOINTS. 

Rivets  are  made  from  round  bars  of  steel,  wrought  iron, 
copper,  or  brass,  and  are  used  to  fasten  two  or  more  plates 
permanently  together. 

The  plates  to  be  riveted  are  either  drilled  or  punched  with 
holes  -jV"  larger  in  diameter  than  that  of  the  rivet-shank. 

AAThen  the  rivet  is  placed  in  position  through  the  plates 
a.  sufficient  length  of  shank  projects  beyond  the  plates  to  pro- 
vide for  forming  the  rivet-point  head  either  by  hammering  or 
by  machine-pressure  (see  Fig.  92).  Unwin  calls  a  riveted 
joint  the  "simplest  permanent  fastening." 

Rivets  are  made  by  being  pressed  into  shape  while  red-hot 
iHFith  rivet-making  machines  using  dies  of  suitable  size  and 
form. 

The  names  and  proportions  of  rivet-heads  shown  by  Figs. 
92  to  96  will  be  given  later. 

The  end  of  the  rivet  opposite  to  the  head  before  riveting 
up  is  called  the  point  and  after  riveting  the  point-head. 

Just  before  using  the  rivet  is  heated  red-hot  and  when 
placed  in  position  for  hand-riveting  is  held  there  by  means  of 
a  large  hammer  with  a  long  handle  fulcrumed  at  a  convenient 
distance  from  the  rivet  and  a  man's  weight  applied  at  the  end, 
while  the  point-head  is  made  by  two  riveters  either  in  the  form 
of  the  steeple  head  by  hammers  only  or  the  snap  head  (Fig, 
92)  by  using  a  cup-shaped  die  called  a  snap. 
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In  machine-riveting  the  point-head  is  pressed  into  shape 
by  suitable  dies,  the  motive  power  being  either  a  lever,  steam, 
hydraulic,  or  pneumatic  pressure.  Machine-riveting  upsets 
the  rivet  and  fills  the  hole  much  better  than  hand-riveting,  be- 
cause the  steady  even  pressure  of  the  former  is  exerted  uni- 
formly through  the  whole  of  the  rivet. 

Hydraulic  riveting  is  preferred  to  steam-riveting,  because 
the  pressure  from  the  former  can  be  gradually  applied,  while 
the  force  from  the  latter  generally  comes  upon  the  rivet  with 
such  rapid  blows  that  sufficient  time  is  not  allowed  for  the 
rivet  to  properly  fill  the  hole. 

Rivet-holes  punched  through  rigid  steel  plates  should 
always  be  annealed  after  punching,  because  the  punching  in- 
jures the  material  surrounding  the  hole  to  such  a  dangerous 
extent  that  the  elasticity  of  the  plate  is  destroyed,  and  when 
the  joint  is  subjected  to  strain  the  stress  is  not  uniformly  dis- 
tributed between  the  rivet-holes.  Another  difficulty  with 
punched  holes  is  the  imperfect  spacing  of  the  rivet-holes. 

Drilled  holes  are  usually  more  expensive  than  punched 
holes  and  the  sharp  square  edge  is  not  as  favorable  to  the  re- 
sistance of  the  rivet  to  shearing,  but  they  are  more  accurate  in 
size  and  spacing,  and  the  resistance  of  the  rivet  to  shearing 
can  be  increased  by  slightly  rounding  the  edges  of  the  holes. 

Calking. — No  riveted  joint  is  ever  perfectly  steam-tight 
without  calking.  This  is  a  process  by  which  a  narrow  strip 
of  the  bevelled  edge  of  one  plate  is  brought  into  fordUe 
contact  with    he  plate  beneath  it. 

At  Uy  Fig.  91,  is  shown  the  calking-tool  commonly  used 
in  hand-calking,  and  at  b  an  improved  form  of  calking-tool 
patented  bv  Mr.  J.  W.  Connery  of  Philadelphia  and  known 
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the  concave  calking-tool  from  the  concave  finish  "^iven  to  the 
calked  edge  d*  the  plate.  This  is  a  favorite  style  of  calking 
vrith  locomotive-buildefs  for  high-pressure  boilers. 


Fig.  91. 

Calking  with  pneumatic  calking-hammers  has  become 
quite  general  in  most  first-class  boiler-shops.  Peabody  and 
Miller  in  their  **  Steam-boilers"  describe  a  pneumatic  calk- 
ing-machine  as  follows : 

''  In  general  principle  it  resembles  a  rock-drill  and  consists 
of  a  cylinder  in  which  works  a  piston  and  rod  on  the  end  of 
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which  is  the  calking-tool.  Air  is  supplied  for  working  the 
piston  at  a  pressure  of  50  or  60  lbs.  through  a  flexible  tube. 
It  makes  about  1 500  working  strokes  a  minute  ■^"  long.  The 
calker  which  is  about  2i"  in  diameter  outside  and  15"  long 
over  all,  is  held  by  a  workman  who  presses  it  slowly  along  the 
seam  to  be  calked.  The  edge  of  the  tool  is  well  rounded,  so 
as  not  to  injure  the  lower  plate.  Work  can  be  done  four  times 
as  rapidly  with  the  pneumatic  calker  as  by  hand." 

The  edges  of  rivet-heads  are  not  calked  except  when  thqr 
show  a  leak  during  the  process  of  testing.  In  some  of  the 
largest  boiler-shops  an  inspector  is  employed  part  of  whose 
duty  it  is  when  examining  a  boiler  to  discover  if  any  of  the 
rivets  are  loose.  This  is  done  by  placing  a  finger  on  the  under 
side  of  the  suspected  rivet  and  tapping  the  top  of  it  with  a 
small  hammer  made  for  the  purpose;  if  the  rivet  is  not  per- 
fectly tight  it  will  be  easily  detected  by  the  finger;  in  such  a 
case  the  loose  rivet  is  cut  out  and  replaced  by  a  new  one. 

The  Forms  of  Rivets. — The  standard  forms  of  rivets 
in   general  use  are:    (i)  t\\c  button    head   (Fig.  92);   (2)  the 
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conical  head  (Fig.  93);  (3)  the  steeple  head  (A)  (Fig.  94); 
(4)  the  steeple  head  (</)  (Fig.  95);  (5)  the  countersunk  head 
(Fig.  96). 

The  button  head,  or,  as  it  is  sometimes  named,  the  snap 
head,  is  usually  made  with  a  machine-riveter. 

The  conical  is  also  a  machine- formed  head  and  is  commonly 
used  with  a  button  point-head  or  tail  and  sometimes  with  a 
steeple  point. 
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The  steeple  point-head  is  the  form  mostly  used  in  hainl- 
riveting. 

The  countersunk  point-head  Is  only  used  when  there  is  not 
sufficient  room  for  one  of  the  other  forma  and  should  never  be 
used  unless  it  is  impossible  to  avoid  it.  It  is  more  costl]* 
than,  and  not  as  strong  as,  the  other  forms. 
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Fill.  V5-  Frc.  96. 

Proportions  of  Rivet-heads. — The  proportions  given  in 
the  fijjurcs  in  terms  of  the  diameter  d  arc  those  used  by 
the  CItampion  Rivet  Co.  and  agree  closely  with  general 
practite. 

''^Length  of  Rivet-shank. 
The  length  L  (Fig.  92)  for  countersunk  point-head     ^^„.— 

and  2  plates ~^\d 

For  countersunk  point-head  and  3  plates irf-f-J" 

For  steeple  point-head 1.2$^ 

For  steeple  point-head,  large,  machine-driven... 1.50^ 

For  button  point-head. ...   \.z\d    ^ 

The  above  proportions  are  good  for  ordinary  boiler-plates, 
but,  since  the  holes  are  -^'  larger  than  the  rivet,  the  shank 
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^o\jld  be  increased  in  length  for  thick  plates  to  properly  fill 
^'^e  additional  annular  space. 

The  rivet-shank  is  usually  about  ^"  smaller  in  diameter 
^'^^n  the  hole  and  has  a  slight  taper  toward  the  point. 

Exercise  29. — Make  a  drawing  of  each  style  of  riveting 
sHown  in  Figs,  92  to  96,  making  /  equal  to  }"  and  selecting 
^i^om  Table  14,  page  135,  the  diameter  of  rivet.  For  con- 
ventions see  page  22.     Scaie  full  size. 

Riveted  Joints. — There  are  in  common  use  at  least  five 
different  styles  of  riveted  joints,  viz. :  the  single-riveted  lap- 
joint  (Fig.  97);  the  double-riveted  lap-joint  with  staggered 
spacing  (Fig.  98);  the  double-riveted  lap-joint  with  chain 
spacing  (Fig.  99);  the  single-riveted  butt-joint  with  chain 
spacing  (Fig.  100);  the  double-riveted  butt-joint;  the  mul- 
tiple-riveted lap-joint  which  has  more  than  two  rows  of  rivets 
in  the  lap;  the  multiple-riveted  butt-joint  which  has  more 
than  two  rows  of  rivets  on  each  side  of  the  line  where  the 
plates  butt  together  (Fig.  103). 

NOTATION. 

d  =  the  diameter  of  the  rivet-hole  or  of  rivet  when  riveted 
up. 

p  =  the  pitch  of  the  rivets,  i.e.,  the  distance  from  the  cen- 
tre of  one  rivet  to  the  centre  of  the  next  in  the  same 
row  (Fig.  97). 

/  _=  the  distance  from  the  centre  of  rivet-hole  to  edge  of 
plate  (Fig.  97). 

r  =  the  distance  between  the  rows  on  double-riveted  joints. 
r,  =  the  distance  between  outside  rows  of  rivets  on  lap- 
joints  with  welt-strip  and  butt-joints. 


t:. 
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m  =  the  least  distance  between  the  etlge  of  rivet-hole  ar»* 

edge  of  plate  =  margin  (Figs,  97  to  103). 
t  =  the  thickness  of  plate. 

/,  =  thickness  of  outside  welt-strips  for  butt-joint. 
/,  =  thickness  of  inside  welt-strips  for  butt-joint. 
t  •=■  thickness  of  inside  weit-strips  for  lap-joint. 
f,  ^  the  tensile  strength  per  square  inch  of  the  plate  in  lbs. 
f^  =  the  shearing  strength  per  square  inch  of  the  rivet    in. 

lbs. 
f^  =  the  shearing  strength  per  square  inch  of  the  plate  in 

lbs. 
fc  =  the  compressive  or  crushing  strength  per  square  inch  of 

the  plate  in  lbs. 
R  =  the  radius  of  boiler  in  inches  on  the  outside  of  course 

of  smallest  diameter. 
A^  =  the  width  of  widest  welt-strip. 
K  =  the  width  of  narrowest  welt-strip. 
P  =  working  pressure  in  lbs.  per  square  inch. 
i>=  outside  diameter  of  botlcr-shell   at  course  of  smallest 

diameter. 
F  =  factor  of  safety. 
£  =  efficiency  of  riveted  joint. 
T  =  total  tensile  stress. 
a  =  area  of  rivet-hole  =  .7854^'. 

Strength  of  Single-riveted  Joint. — There  are  five  differ- 
ent ways  in  which  a  single-riveted  lap-joint  may  give  way: 
(i)  Shearing  the  rivet,  as  shown  at  1  in  Fig.  gi. 

(2)  Tearing  plate  along  the  centre  line  of  rivets,  shown  at 
2,  2. 

(3)  Tearing  the  plate  through  the  margin,  shown  at  3. 
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(4)  Crushing  the  rivet  or  the  plate  in  front  of  the  rivet 

(5)  Shearing  the  plate  in  front  of  the  rivet  (5,  5). 
The  shearing  strength  of  the  rivet 

=  — -X/,=  ^X  38,000.       ...       (i) 
4 

The  resistance  of  plate  to  tearing  on  centre  line  of  rivet 

=  {p-d)tXft (2> 

The  resistance  of  the  plate  to  tearing  at  3  has  been 
(ound  by  experiment  to  be  great  enough  when  the  distance 
/is  made  equal  to  i^^,  and,  as  this  rule  agrees  with  general 
practice,  it  will  be  maintained  throughout  this  work. 

The  compressive  resistance  of  the  plate  at  4  is 

tXdXfc (3) 

The  resistance  to  shearing  the  plate  in  front  of  the  rivet 
as  shown  at  5,  5. 

=  2/  X  /  X  /; (4> 

But  if  the  joint  is  made  strong  enough  to  resist  shearing 
the  rivet  or  tearing  the  margin  it  will  be  strong  enough  to 
resist  shearing  or  crushing  the  plate  in  front  of  the  rivet,  so 
that  the  latter  may  generally  be  disregarded. 

The.  thickness  of  the  boiler-plate  is 

PXRX  F _      PR 
^"      ftXE      "'w.ooqE      •     •     •       (S) 

The  value  for  /  should  be  taken  as  the  nearest  even  six- 
teenths of  an  inch.    Take  E  =■  .70. 
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The  thickness  of  dome-sheet  may  be  calculated  by  the 
same  formula. 

In  locomotive-boilers  the  thickness  of  tube-sheets  for  f 
shells  and  over  should  be  \"  to  -jV'« 

When  shells  are  less  than  \"  thick  it  is  usual  to  make  the 
thickness  of  tube-sheets  equal  to  /  -[-  \" , 

The  throat-sheet  is  usually  made  \'*  thicker  than  the 
shell  to  allow  for  extra  flanging. 

In  thick  shells,  J"  or  over,  ^"  thicker  will  be  sufficient. 

When  the  back  tube-sheet  is  separated  from  the  fire-box 
throat-sheet  the  latter  should  be  made  the  same  thickness  as 
the  fire-box  side  sheets,  viz.,  -f^". 

The  fire-box  crown-sheet  is  usually  made  |"  and  the  side 
and  door  sheets  '^^"  thick. 

Diameter  d  of  Rivet-hole. — It  is  very  desirable  in  design- 
ing riveted  joints  to  obtain  the  highest  efficiency  and  still 
maintain  a  proper  tightness  by  using  a  pitch  not  too  long  for 
calking. 

In  determining  the  diameter  d  of  the  rivet  it  is  necessary 
that  it  should  be  strong  enough  to  resist  both  shearing  and 
crushing.     Now  the  resistance  to  shearing  is 

4 
while  that  of  crushing  is 

dtfc. 

which  shows  that  the  latter  increases  as  the  diametec  and  the 
former  as  the  square  of  the  diameter.  So  that  if  we  can  ob- 
tain such  a  relation  between  the  length  of  the  pitch  and  the 
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diameter  of  the  rivet-hole  as  will  give  the  highest  efficiency 
consistent  with  tightness  the  crushing  strength  of  the  rivet 
or  the  plate  in  front  of  the  rivet  need  not  be  considered. 

To  our  knowledge  the  maximum  limit  for  the  length  of 
pitch  that  will  insure  perfect  tightness  of  the  joint  has  never 
been  ascertained  by  experiment  or  test,  so  that  we  have  to 
depend  largely  on  existing  practice  in  determining  the  ratio 
between  d  and  /. 

Mr.  Wm,  M.  Barr  in  his  **  Boilers  and  Furnaces"  gives 
the  following  ratios  between  the  thickness  of  the  plate  and 
the  diameter  of  the  rivet  for  single-riveted  lap-joints,  using 
the  nearest  even  sixteenths  of  an  inch,  for  steel  plates  and 
steel  rivets  (tensile  strength  of  plates  55,000  lbs.  and  shearing 
strength  of  rivets  44,625  lbs.  per  square  inch): 

TABLE  14. 


% 

Ratio  of 
dtoi. 

d 

Decimal 
Equivalent. 

Area  of  d. 
Sq.  In. 

Pitch  of  Rivets. 

i 

Decimal. 

Working 
Fraction. 

2.75 
2.40 

2.17 

2.00' 

1.87 

1.78 

1.70 

Z.64 

1.58 

if" 
I 

ift" 

.6875 

.75 

.8^25 

.8.75 

.9375 

I.OOO 

1.0625 
1. 125 

1. 1875 

.371 
.442 

.518 
.601 
.6qo 

.7854 
.887 

.994 
1. 108 

1.892 
1.897 

1.934 
1.990 

2.058 

2.133 
2.205 

2.298 

2.386 

2*^ 

A  committee  of  the  Railway  Master  Mechanics*  Associa- 
tion on  riveted  joints  in  1895  gave  the  following  ratios  between 
i/and  /in  their  report  for  single-riveted  lap-joints  (steel  plates 
of  55,000  lbs.  tensile  strength  and  iron  rivets  of  38,000  lbs. 
shearing  strength  per  square  inch) 
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TABLE 

15. 

t 

Ratios. 

Mean  Ratios. 

d 

> 

E 

?'■ 

A" 
.   «" 

2.25  to  3.00 
2.00  to  2.80 
2.00  to  2.60 
1. 71.  to  2.42 
1.75  to  2.35 
1.77  to  2.33 
1.60  to  2.10 

2.62 
2.40 
2.30 
2.06 
2.05 
2.05 
1.85 

it" 
1*" 
2" 

58.6J( 

5585 
55.3; 

52.8)J 

50.2i» 

Pitch  p  of  Rivets. — The  total  strength  of  a  boiler-plate 
is  reduced  by  the  rivet-holes,  and  the  shorter  the  pitch  the 
weaker  the  plate,  but  on  the  other  hand  if  the  pitch  is  too 
long  the  rivet  will  shear  unless  it  is  increased  in  diameter  to 
correspond  in  shearing  strength  to  the  tensile  strength  of  the 
net  section  of  plate,  but  a  long  pitch  and  large  rivet  diameter 
are  also  limited  by  the  fact  that  under  high  pressures  such  a 
joint  is  hard  to  make  tight. 

The  mean  ratios  between  the  thickness  /  of  plate  and  the 
diameter  d  of  the  hole  given  in  Table  1 5  are  recommended 
as  good  modern  practice. 

To  find  the  pitch  /  in  terms  of  the  thickness  of  the  plate 
/  and  the  diameter  d: 


f 


i^ 


Exercise  30. — Design  a  single-riveted  lap-joint  for  a  boiler 
48"  diameter  and  carrying  a  steam-pressure  of  148  lbs.  per 
square  inch,  plates  to  be  soft  steel  of  55,000  lbs.  teftsflc 
strength  per  square  inch  and  iron  rivets  of  a  shearing  strength 
=  38,000  lbs.  per  square  inch.     Scale  6"  =  i  foot. 

(1)  Find  thickness  /  of  plate  by  formula  5,  page  132- 


';    . 
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(2)  Determine  diameter  d  bf  rivet  from  the  mean  ratio 
able  15. 

(3)  Calculate  the  pitch  /  by  formula  6,  page  1 36. 


—4 i 


SedioaaiSS. 


Fig.  97. 
^Make  complete  drawings  as  shown  in  Fig.  97,  giving  ac- 
tual dimensions  in  place  of  letters. 

Single- riveted  lap-joints  are  commonly  used  for  circumfer- 
ential seams  of  steam-boilers. 

To  determine  whether  a  circumferential  "Seam  should  be 
single-  or  double-riveted  let  us  take  the  following  example : 

Diameter  of  boiler  48". 

Steam-pressure  per  square  inch  148  lbs. 

Diameter  of  rivet  =  .875". 

Pitch  =r  2". 

Thickness  of  plate  =  .375''. 

The  total  force  will  be 

.7854jD'P=  1809.6  X  148  =  267,820.8  lbs.       .    (7) 

The  resistance  due  to  the  rivets 


_.7854^'X  «X/, 
■"  F 


(8) 


•.■*■ 


lid  ZTJL* 


JK  =  me  mmxlser  oc 

F  =  the  facrnr  of  safiecr  ^  6. 

Taerefore^  soEistxtiitzn^  wekxie 


.6Qt  X  r^  X  jS^Qoe       .  ^ 


and,  sahtraftTBg  t&e  force  from  the  resistaaoe»  we  have  a  c^^^ 
ference  of  17.654.2  Ebsw  m  Exrar  o£  the  rivets. 
The  total  rrshtaiKTr  of  die  pCite  is 


(/-^)X/X/f  X  «       I-I25X.375X  55>OOOX  75 


=  3SS.730  lbs., 

and,  subtracting  the  total  force.  267,820  lbs.,  from  288,750^ 
there  remains  a  difference  of  20,929  lbs.  in  favor  of  the  platCt 
which  shows  that  a  single-riveted  lap-joint  is  strong  enough 
for  the  circumferential  seams  of  a  boiler  of  the  above  dimen- 
sions. 

Prof.  Lanza  referring  to  the  efficienc>-  of  riveted  joints  in 
his  **  Applied  Mechanics"  says: 

**  A  riveted  joint  of  maximum  efficiency  should  fracture 
the  plate  along  the  line  of  rivets,  for  it  is  clear  that  if  failure 
occurs  in  any  other  manner,  as  by  shearing  the  rivets  or  tear- 
ing out  the  rivet-holes,  there  remains  an  excess  of  strength 
along  the  line  of  riveting,  or,  in  other  words,  along  the  net 
section  of  plate — if  in  a  single-riveted  joint — which  has  not 
been  made  use  of;  but  when  fracture  occurs  along  the  net 
section  an  excess  of  strength  in  other  directions  is  imma- 
terial. 
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**If  the  Strength  per  unit  of  metal  of  the  net  section  is 
^^^^>stant  it  would  be  a  very  simple  matter  to  compute  the 
^**^ciency  of  any  joint,  as  it  would  be  merely  the  ratio  of  the 
'^^t  to  the  gross  areas  of  the  plate. 

**  The  tenacity  of  the  net  section,  however,  varies  and  this 
^^-^ation  extends  over  wide  limits." 

This  being  so,  the  pitch  in  the  last  example   is  slightly 
^^^nger  than  is  necessary. 

Double-riveted   Lap-joints The    arrangement    of   the 

'"ivets  in  Fig.  98  is  called  chain  riveting  and  in  Fig.  99  zigzag 
^veting.  The  double-riveted  joint  is  stronger  than  the 
single-riveted  joint  because  of  the  greater  net  section  oi  plate 
and  smaller  diameter  of  rivet-holes.  All  longitudinal  seams 
in  steam-boilers  should  be  at  least  double-riveted.  Steel 
plates  and  iron  rivets  are  considered  the  safer  practice  because 
of  the  danger  of  overheating  the  steel  rivets. 

Wm.  M.  Barr  in  his  **  Boilers  and  Furnaces"  referring  to 
the  heating  of  steel  rivets  says:  **  It  is  important  that  steel 
rivets  be  uniformly  heated  throughout,  and  not  the  points 
merely,  as  is  the  ordinary  method  of  heating  iron  rivets; 
neither  should  they  be  heated  as  highly  as  iron  rivets,  and 
should  never  exceed  a  bright  cherry-red.  Particular  attention 
should  be  given  to  the  thickness  of  the  fire. 

**  If  excluded  from  free  oxygen  steel  cannot  be  burned; 
if  the  temperature  is  high  enough  it  can  be  melted ;  but  burn- 
ing is  impossible  in  a  thick  fire  with  moderate  draft." 

Chain  riveting  with  rivets  of  the  same  pitch  has  been  found 
by  experiment  to  be  stronger  than  the  zigzag  riveting.  See 
Barr*s  "  Boilers  and  Furnaces,"  page  85,  where  it  states  that 
the  lap  is  wider  for  chain  riveting,  ''and  no  doubt  the  fric- 


l^MAWIXfC  M^n  IK 


ther  woald  be  vitk  the 


fap  €if  tk  dtttn  livctii^. 


Sectioa  atSS. 

Fig.  q3. 

Exercise  31. — Make  the  drawings  for  a  double-riveted  lap- 
joint,  chain  riveting,  like  Fig.  98,  except  that  the  actual  di- 
mensions should  be  given  instead  of  the  letters  shown.  Steel 
plates  and  iron  rivets.  Thickness  of  plate  =  \[\  p  =  3-j^  ', 
d  =  li",  /  =  iK  r  =  2^+  i",  R  =  30".  Sca/e  &'  =  ///. 
Calking  need  not  be  shown  now. 

Calculate  the  efficiency  of  this  joint  in  comparison  with 
the  strength  of  the  plate. 


b'^. 
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Taking/^  at  55,cxx)  and/*  at  38,cx)0  as  before,  the  total 
strength  of  solid  plate  is 

/X  /  X//  =  3-3125  X  .625  X  55,000=  1 10,000  lbs. 

The  strength  of  the  net  section  of  plate  is 

(/-!/)//,=  (3.3125-  1. 125). 625  X  55*000  =  75,735. 

The  shearing  strength  of  the  rivets  =- .7854^/'x  38,000  X 2 
(for  2  rivets)  =75,544,  nearly  equal  to  the  strength  of  the 
net  section  of  the  plate.  Therefore  the  efficiency  of  the  joint 
is  equal  to 

75.544 


£  = 


1 10,000 


=  69  per  cent  nearly. 


The  following  ratios  of  rf  to  /  for  double-riveted  joints 
were  calculated  from  the  report  of  a  committee  on  riveted 
joints  to  the  Am.  Ry.  M.  M.  Association  in  1895  : 


TABLE  la. 


I"  (-375) 
A"  (-4375) 
i"  OS) 

A"  (.5625) 

tr  (.6875) 

r  (.75) 


Ratios, 
Max.  and  Mm. 


2.00  to  2.66 
1. 71  to  2.42 
1.75  to  2.375 
1.77  to  2.22 
j^.60  to  2.00 
X.54  to  1.909 
1.416  to  1.75 


Ratioit, 
Mean. 

1 

d 

/ 

a 
Area  of  Rivet. 

K 

2.33 

i. 

r 

.6 

71.4 

2.06 

^'* 

.69 

60.7 

2.063 
1*99 

A" 

3J" 

.8866 
•994 

6y.O 
68.4 

1.80 
1.72 

3^" 

3iii 

•994 
1. 107 

6b  0 
64.7 

1.58 

lA" 

aJ" 

I.107 

62.7 

To  find  \h^  pitch  p  for  double-riveted  lap-joints  wfth  steel 
plates  and  iron  rivets. 

^      2y.aXf,    .     .      2X«  X  38.000   ,    ,         ,    , 

f If, +  ''=-73r??7o-5^  +  ''-  •   ^'°> 

To  find  the  distance  between  the  centres  of  rows  of  rivets 
r  (Fig.  99). 


«.-.  - 
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zpArd 
Prof.  Kennedy  gives for  the  diagonal  pitch,    rwotf 

be  found  graphically  or  calculated  by  formula 


.  S(:r-r2d)Kfi+zd) 
6 


•      .      (II) 

Table  17  gives  the  distances(r)  calculated  by  this  formula 
(or  the  different  sizes  of  rivets. 

Exercise  33. — Make  drawings  as  per  Fig.  99  of  a  double- 
riveted  lap-joint,   zigzag  riveting.      /  =  f",  ratio  of  t/to/a 


1.80,  A'=  j;- 
Find  r  b; 
Exercise  33 — 

sliovviii^  ihc   iimc 
se^ini  with  a  >:li^'1 


■von  -j'j".     itca/e  6"  =  i  foot. 

'iiid/  by  formula  10. 
lir.uviii^'i  similar  to  those  in  Fig.  loo 
I  ,1  Joiiblo  /igzay- riveted  longitudinaf 
:cd  L-irciimferential  scam   for  a  steam- 


boiler.  /  ^  i',.'. ./  calculated  from  the  mean  ratio  in  Table  16, 
/  t-'  be  di'terminid  from  l.Tiiuila  lo.  /•'  from  Table  14,  R  = 
29",  r  niav  be  calculated  from  formula  II.    Scale  6"  =  i  foot. 


Actu; 


lilted  from  formula  11 
to   be    jil.iced    on  drawing  where  letters 
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sho-w  in  figure.     Steel  plates  and  iron  rivets.      Finish  sheet 
according  to  directions  given  on  pages  19  and  20. 

L-ap-joints  with  Inside  Welt-strip. — This  style  of  riv»t- 
ing,  shown   in   Fig.  101,  is  used  for  both  single-  and  double- 


t'/'i^- 


riveting  and  possesses  some  of  the  features  of  the  butt-  ana 
lap-joint.  In  the  single- riveted  joint  of  this  kind  the  middle 
row  of  rivets  which  rivet  the  three  thicknesses  of  piate  should 
be  spaced  according  to  the  rule  given  for  /  in  the  single- 
riveted  lap-joints  on  page  136  and  the  spacing  of  the  outer 
rows  =  2p. 

These  joints  are  better  than  the  simple  iap-joint,  but  are 
XDore  expensive,  and  are  not  any  better  than  the  butt-joint 
(Fig.  102),  which  is  simpler  and  less  expensive. 
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The  Double-riveted  Butt-joint  with  Inside  and  Outside 

Welts. — Tliis  6ty\c  of  joint  is  a  ven'  common  one  for  longi- 
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t^uclinal  seams  of  steam-boilers  with  plates  f"  thick  and  over. 
^s  shown  by  Fig.  102,  the  boiler-shell  is  rolled  to  a  perfect 
*^Vlinder  and  the  two  edges  of  the  plate  which  butt  together 


are  held  by  two  wclt-strips  riveted  to  each  other  and  to  the 
ends  of  the  plate. 

In  a  repeating  section  of  the  plate  =  2p  thero  are  two 
rivets  in  double  shear  and  two  half  rivets  in  single  shear. 

From  experiments  made  by  the  English  Admiralty  and 
others  it  has  been  demonstrated  that  I  rivet  in  double  shear 
is  equal  to  2  rivets  in  single  shear.  For  convenience  wc  uii! 
assuaie  this  to  be  so  at  present,  although  it  is  quite  usual  fur 
designers  of  steam-boilers  to  use  a  value  of  from  1.75  to  1.90 
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for  rivets  iii  double  shear;  and,  as  the  latter  values  agree  more 
nearly  with  general  practice  for  butt-joints,  it  will  be  neces- 
sary for  us  to  modify  our  proportions  in  this  regard,  as  will 
appear  later.  Therefore  to  prevent  the  plate  a  pullipg  out 
from  between  the  welt-strips  the  resistance  to  shearing  will  be 

5  X  a  X/,, 
there  being  two  rivets  in  double  shear  and  two  half  rivets  in 
single  shear  =  5  areas  in  single  shcjir. 

Resistance  to  tearing  the  net  section  of  plate  at  the  outer 
row  is 

{2p-d)tf,. 

Resistance  to  tearing  the  plate  between  the  inner  row  of 
rivets  and  shearing  rivets  in  outer  row  is 

{2P'-2d)t  X//+  laf,. 

Resistance  to  crushing  the  plate  in  front  of  3  rivets  is 

ltd/, . 
fc  may  be   taken    at    80,000  lbs.   per  square  inch   for  iron 
and  90,000  for  steel  rivets. 

Strength  of  whole  plate  equal  in  width  to  2p  is 

2/  X  tXft. 

Exercise  35. — Draw  elevation  and  cross-section  of  a  double- 
riveted  butt-joint  with  outer  and  inner  welts  similar  to  Fig. 
102,  given  /  =  3^",  ^=  1.92/. 

If  we  consider  the  resistance  to  tearing  equal  to  the  resist- 
ance to  shearing,  then 

2p  = -^ 1-  e/,      ....     (18) 

but  this  makes  the  pitch  too  long,  because  of  the  excess  o( 
strength  in  the  rivets  against  shearing.     A  better  proportion 
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H7 


and  one  that  conforms  to  good  practice  is 

.85(5«/.) 


2/  = 


// 


+  d. 


i^  and  /,  are,  usually  equal  to  /,  but  occasionally  /,  will  be 


ir^7 


Fig.  I02. 
found  ^"  thicker  than  /.      The  Hartford  Steam-boiler   In- 
spection &  Insurance  Company  give  all  welt-strips  -j^"  less 
in  thickness  than  /. 

For  the  remaining  dimensions  see  the  following  table: 

TABLE  18. 
For  double-riveted  butt-joints  with  outer  and  inner  welt-strips. 


Ratio  of 

Diameter 

Pitch. 

/ 

dtot. 

of  Hole. 

I 

r|  =  a/ 

K 

N 

Average. 

J 

•ft 

2.19 

W 

af." 

^ff'„ 

A" 

< 

9r 

JL" 

1.93 

r 

2  I" 

»iV 

5J" 

loi" 

JL" 

1.92 
1.92 

,r 

2* 

2\" 

3" 

5f 

1 1" 
12" 

r 

1.72 

■*' 

«r 

lA"  . 

3i" 

ej" 

I2f' 

V 
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Triple-riveted  Butt-joint  with  Outer  and  inner  Welt- 
strips  (Fig.  103). — This  joint  has  three  rows  of  rivets  on  each 
side  of  the  butt.  One  row  passes  through  the  boiler-plate 
and  one  welt-strip  and  two  rows  pass  through  the  sheet  an4 
two  welts. 

The  resistance  to  tearing  along  line  xx  is 


Fiii.  103- 

The  resistance  to  pulling  the  plate  out  from  between  the 
welt-strips  is 

9X  «  X/,  X  .85. 


\'*' 


Vyi 
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The  resistance  to  tearing  on  line  yy  and  shearing  rivets 
an  XX  is 

{2p-2d)tf,-\-  \af.. 

A  glance  at  the  figure  will  show  that  this  joint  cannot  fail 
ilong  the  line  ss,  because  there  are  two  rivets  in  double  shear 
undone  rivet  in  single  shear  in  addition  to  the  net  section  of 
plate,  which  is  equal  to  the  net  section  on  yy. 

Exercise  36. — Make  the  drawings  for  a  triple-riveted  butt- 
joint  like  Fig.  103.  Steel  plates  and  iron  rivets,  t  =  ^", 
rf  s=  li",  ScaJ^  4"  =  J  foot.  The  other  dimensions  may  be 
takyi  from  the  following  table : 

TABLE  19. 


' 

i 

f 

. 

' 

' 

" 

Efficiency. 

In. 

Id. 

In. 

In. 

In. 

In. 

In. 

Per  Ccnl. 

.! 

H 

»« 

}| 

■1 

si 

t3 

86,1 

I 

3A 

3 

J 

■j 

fl| 

■4 

B6 

11 

It 

l| 

91 

15 

S() 

3 

»A 

■  6 

S6 

i> 

t 

3A 

't' 

n 

'4 

86 

H 

3 

i; 

<  i 

9* 

15 

86 

3 

'A 

.W 

16 

Ia 

3 

'A 

"A 
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17 

86 

1 
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86 
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jA 

19 
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;? 

If 
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T9 
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86 
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85 

\^ 

4f 

■>; 

13I 

86 

II 
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5 

il 

1-1 

aai 

86  a           1 

Calculate  efficiency  and  if  possible  show  where  improve- 
ment might  be  made. 
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^wrought-iron  plates  5"  deep  X  J"  thick  and  welded  together 

|«t   the  ends.     The  fire-box  crown-sheet  is  supported  by  J" 
ivets,  which,   passing  through  a  washer  b  and   between   the 


plates  A  of  the  bar  and  through  thimble  G,  is  riveted  on  the 
underside  of  the  crown-sheet  as  shown.  These  rivets  are  placed 
from  4"  to  4i"  apart,  and  as  many  as  the  crown-bars  will  ac- 
commodate at  these  centres,  the  end  bolts  being  placed  about 
4"  from  the  inside  of  the  fire-box  side  sheets.  As  seen  from 
the  figure,  the  crown-bars  are  placed  in  a  transverse  position 


/y 
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on  the  crown-she^,  and  as  many  as  the  longitudinal  length  of 
the  sheet  will  allow,  with  equal  spacing,  about  4V  apart. 
Should  these  bars  be  insufficient  to  support  the  crown-sheet 
against  the  downward  pre^ure  of  the  steam,  which  is  equal 
to  the  area  o\  the  crown-sheet  X  the  stcam-pressure  per  square 
inch,  then  what  remains  is  held  up  by  s/in^-stays  hung 
from  the  outer  shell  and  fastened  to  the  crown-bars  by  links 
and  pins,  one  link  of  which  is  shown  at  J  in  the  transverse 
cross-section. 

The  flat  upper  part  of  the  back-head,  which  has  no  stay- 
bolts  passing  through  it  like  those  which  bind  the  fire-box  and 
outer  shell  together,  as  shown  at  />,  is  stiflcned  with  a  Uncr 
I"  thick,  the  shape  of  whicli  is  shown  by  dotted  lines  on  the 
transverse  section,  and  to  this  liner  arc  riveted  as  many  lengths 
of  3"  X  3"  angle-iron  as  can  be  placed  on  the  liner,  with  a 
clearance-space  of  only  about  f "  between.  To  these  angle- 
irons  are  bolted  longitudinal  stay-rods  i^"  in  diameter  similar 
to  that  shown  in  Fig.  106, 

To  support  that  curved  part  of  the  outside  shell  just  above 
the  fire-box  transverse  stay-rods  C  are  carried  between 
each  crown-bar,  screwed  through  the  shell  on  each  side,  and 
riveted  over  on  the  outside.  The  body  of  the  rod  is  i^"  in 
diameter  and  the  screwed  ends  ij"  diameter. 

The  fire-box  stay-boits  Z>  are  screwed  through  both  fire- 
box and  outer  shell  and  riveted  over  outside  and  inside.  It 
will  be  seen  that  while  the  screwed  part  of  the  bolt  isj"  diam- 
eter the  body  is  turned  down  to  J",  which  reduces  its  stiffness 
and  allows  it  to  give  somewhat  to  the  unequal  expansion  of 
the  fire-box  and  outer  shell  of  the  boiler.  In  certain  places 
the  stay-bolts  are  more  liable  to  break  than  in  others;   in  such 
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places   hollow  stay-bolts  are  used,  so  that  when  broken  they 
may  be  easily  and  quickly  detected. 


Hollow   stay-bolts   have   an   \"  hole   drilled   completely 
through  from  (ircrbox  to  the  outside  of  the  outer  shell,  so  that 


>? 
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Ezerctee  40. — Figs.  107  and  108  show  examples  of  riveting 
tlte  corner  of  a  locomotive  fire-box  ring  (sometimes  called  a 


Fio.  10^ 

mud-ring)   to  the  bottom  of  the  fire-box  and  outer  sh 
dw  txuler.     Fig.  loS  is  that  of  a  large  boiler  58"  di; 


»^-ri 


rMkrf^. 


»»-**^*'=^  I 


VxerdM  4»- — Make  Aa//  sectional  elrvatimi,  half  outade 
f^t^/ifi  with  transverse  view  and  plan.  Also  show  the 
etiiveH  of  Intersection  between    the  dome-base  and  bmler. 


CHAPTER   IV. 

SHAFTING  AND  SHAFT-COUPLINGS. 

Under  the  term  shafting  may  be  included  Ime  shafting 

and  axles. 

Line  Shafting. — This   name  is  given  to  the  long  line  of 

rotating,  cylindrical  or  square  shafting  used  in  workshops  and 

factories  for  transmitting  turning  power  or  twisting  movients 

from  the  prime  movers.     They  are  in  some  ways  an  extension 

of  the  prime  mover.     Such  shafting  is  subjected  to  torsional 

and  bending  stresses,  the  latter  being  due  to  the  pull  of  belts 

and  the  weight  of  pulleys,  gears,  levers,  etc.      **  It  is  usual  to 

make  line  shafting  of  uniform  diameter  throughout,  as  shown 

in  Fig.  HI,  enlarged  ends  being  only  used  occasionally  for 


Fig.  III. 

exceptional  putposes.  Steel  of  a  grade  containing  .3  to  .4^ 
of  carbon  is  now  used  almost  entirely  for  shafting  in  prefer- 
ence to  iron  in  this  country.  The  commercial  lengths  of 
shafting  for  ordinary  diameters,  as  from  2"  to  3",  run  from 
16  ft.  to  30  ft.,  the  shorter  lengths  being  more  convenient  for 

transportation,    for   replacing  pulleys,   gears,  "etc.     But   the 

157 
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looger  kacdts  an  frequcntljr  itaed  when   objections  do  not 
arise  from  these  coasdcratioBs."  * 

Torsioial  oc  Twisting  Htmcnt- — Ftgs.  112  and  11]  ' 
show  a  IcTCT.  2  gear  wheel  and  phtioa  keyed  to  their  respec- 
tive shafts;  R  is  the  ratfins  of  the  lever  and  the  pitch  ciide 
of  the  gear  throDgh  which  the  power  P  is  transmitted.  This 
force  /^prodacesa  twisting  action  oo  the  shait.  and  the  prod. 
uct  RP  is  called  the  taramtml  mumfntl  (  7~)  on  the  shaft. 


So  in  Fig.  1 14  /*  is  equal  to  the  tenaon  7",  —  7", ,  and  the 
radius  R  muUiptied  by  the  force  P  is  again  equal  to  the 
torsional  moment  on  the  shaft.  The  torsional  moment  is 
usually  expressed  in  inch-pounds,  i.e.,  the  force  P\n  pounds 
into  the  radius  R  in  inches  is  equal  to  the  torsional  moment 
in  inch- pounds. 

The  moment  of  resistance  to  torsion  of  a  cylindrical  shaft 
is  equal  to  the  greatest  stress  multiplied  byVfae  modulus  of 
the  section. 

Let  F  be  the  greatest  shearing  stress  and  Zf  the  modulus ; 

then  \ 

T^F^, (I) 


■  A.  &  P-  Roberts  Company. 
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and 


Z,  =  7^rf'  =  .i9635rf'; 


i6 


so  for  cylindrical  shafts 


T^.ii^lSd'A, (2) 

and  for  square  shafts 

r=.2o8rfy;; (3) 

^=  diameter  of  the  cylindrical  shaft  and  length  of  side  of 

square  shaft  in  inches; 
/,  =  shearing  strength  in  pounds  per  square  inch; 
T  =  torsional  moment  in  inch-pounds. 

To  Find  the  Diameter  of  a  Wrought-iron  or  Steel 
Shaft. — If  we  take  the  resistance  to  shearing  for  iron  equal 
to  40,0CX>  lbs.  per  square  inch  and  for  soft  steel  at  50,000 
lbs.9  and  using  a  factor  of  safety  of  4^,  we  have: 

For  cylindrical  iron  shafts   T  =  1720^'; 

For  cylindrical  steel  shafts  7"=  2182^/'; 

For  square  iron  shafts  7^=  1849^*; 

For  square  steel  shafts         7^=  231  irf*. 


Then 


y   1720 


for  cylindrical  iron  shafts ;  .     .     (4) 


for  square  iron  shafts;    ...     (5) 


for  cylindrical  steel  shafts;       .     (6) 


for  square  steel  shafts. 


(7> 


•E^^^*  * — *^  i^  3^^  d^^B^Bt  af  a  sp*r  gear  on  u 
■■»**^*^- ■»«**"»*  ■■■■!.  ~  tie  tteti  M  tht 

AdtBli*>3an>fiisB  MsB^Iei  tf  Ae  •bd  !f  numis; 

Xj9I  &f.  =  iiii  jiiii  =  35.000  X  13  —  395,000   iiidi> 

K  =  tt^lA^  M  Kadhcji«5  per  aunute; 

_xrf«/->. 

J36.00O  > 

r.r5  V  r  .  »     f-j?  X  rs-ooo  X  140 
=  ^TS35^  = SSSii =  '*■'■ 

1=  :;ras  o:  :hc  H.P.. 

^     6;.o;,-  H.P.  ,  , 

^=  — (9) 

and 

-v/^ CO) 

Besides  the  twisting  stresses  on  shafts  which  we  have  alone 
t;ikcn  account  o(  in  the  above  formulae,  there  is  usually  a 
bending  nnomcnt  to  be  considered.     Let  a  shaft  be  subjected 
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to  a  torsional  moment  T  and  supporting  a  bending  moment 
B\  these  two  stresses  will  be  equal  to  a  twisting  moment 

3^.  =  ^+i/(^+n (II) 

7",  is  called  the  equivalent  twisting  moment,  and  should 
be  used  in  place  of  T  in  figuring  the  diameter  of  a  shaft  sub- 
jected to  combined  torsion  and  bending.  The  bending 
stresses  in  'revolving  shafts  are  continually  changing  from 
tension  to  compression  and  from  compression  to  tension,  so 
that  for  combined  bending  and  twisting  the  factor  of  safety 
4J  given  for  twisting  alone  should  be  increased  in  the  follow- 
ing ratio:  When  B  is  more  than  .3 Zand  not  more  than  .67", 
the  factor  of  safety  should  be  5  ;  when  over  .6 /'and  not  more 
than  7\  5J;   and  when  greater  than  Z,  6. 

Example  2, — Determine  the  diameter  of  a  wrought-iron 
shaft  which  has  to  resist  a  torsional  moment  of  400,000  inch- 
pounds  and  a  bending  moment  of  200,000  inch-pounds.  By 
formula  (11)  the  equivalent  twisting  moment 


7',  =  ^  +  V'^+7''  =200,000+  ^200,000^+400,000* 

=200,000+447,213.5=647,213.5  iri.-lbs. ; 

and  by  equation  (4) 


3  /   T,         3/647,213.5  _ 

Example  3. —  When  the  bending  moment  exceeds  the  tor^ 
sional  moment. — A  non-continuous  steel  shaft  has  its  bearings 
8  ft.  apart  and  carries  a  pulley  of  50"  diameter  at  its  centre ; 
the  pulley  is  driven  by  a   10''  belt,  the  effective  weight  and 


.  .  .-A 


What  should 
be  6  and  cqtution  (4) 


r  =  iOOX  =5  =30.000  i»A-II».: 


(") 


r,  =  3i_300-}-  •ji.aorf +so.oc«>'  =  68.230; 

^^  ^.^^^ 

Deflection  of  Shafti]^- — A  maxiniuai  deflection  of  ^h 

of  ATI  :■ -h  ixT  : .x-':  .■:  >7i:in  / for  continuous  shafting  is  given 
as  stH^d  ;^r,ic;-ce  by  :he  P«ii.-oyd  Iron  Works.  The  weight 
i>l  b.irv  sh.ii::r.^  =  :.T\f  \  /  =  T,  and  for  loaded  shafts, 
.(ilowi!!;;  40  ib>.  i^r  inch  of  n-jdth  for  the  vertical  pull  of  the 
liclts.  ir=  yzj".'.  Then  for  bending  stress  alone,  taking  the 
nuvluUis  of  transverse  elasticity  at  26.000,000,  we  can  derive 
from  authoritative  formulx  the  maximum  length  between 
bc;>  rings 

/=   tSTJrf*  for  bare  shafts;  ....     (13) 


t  175*^  for  loaded  shafts. 


(14) 
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For  line-shafting  hangers  8  ft.  apart  Thurston  gives 


TT  T^        ^«  ,         1/90  H. P.  ^  ,     . 

H.P.  =  — a  =  \  / for  wrought  iron; 

90  V         «  s  » 


H.P.  =  ^rf=  .  7  55ii-Z:  for  cold-rolled  i 
55         V         « 


iron. 


Hollow  Shafts. — Weight  for  weight  the  hollow  shafts  are 
stronger  than  solid  shafts,  because  the  portion  of  material 
removed  is  the  least  effective  in  resisting  torsion.  The 
resistance  to  torsion  in  a  solid  shaft  and  a  hollow  shaft  will 
be  equal  when  the  moduli  of  the  sections  are  equal.  Let  d 
be  the  diameter  of  a  solid  shaft,  and  d^  and  d^  the  internal  and 
external  diameters  respectively  of  a  hollow  shaft.     Then 

^  =  -^— 05) 

A  10"  hollow  shaft  with  hollow  4"  diameter  will  weigh 
16^  less  than  the  solid  10"  shaft,  but  its  strength  will  be  only 
2.56^  less.  If  the  hole  were  increased  to  5"  diameter  the 
weight  would  be  25^  less  than  that  of  the  solid  shaft,  and  the 
strength  only  4.25^  less. 

The  relation  between  the  weights  of  solid  and  hollow 
shafts  is  as  follows : 

Let  W^=  weight  of  hollow  shaft,  and  W^  =  weight  of 
solid  shaft;  then 

W      d:  -  d,' 


JT,  ~        d" 


(16) 


the  weight  of  the  hollow  shaft  in  per  cent  of  the  weight  of 
the  solid  shaft. 


. » 
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An  lifTerence  in  strength  is  given  as  follows: 

Let  :  strength  of  hollow   shaft,  and  5,  =■  strength  o: 

solid  shaft ;    :hcn 

c=^:7:^^ ('?) 


When  it  =  d^  —  d*  the  solid  and  hollow  shafts  are  of  equal 
weight;  and  when  rf"  =  -^--j — '-  the  solid  and  hollow  shafts 

are  of  equal  strength. 

A  hollow  shaft  is  1   a  solid  shaft  of  the  same 

resistance  to  torsion,  1.  not  yield   to  bending  as 

readily;   this  is  an  objcci>     ,  some  conditions,  as  in  the 

case  of  a  steamship's  propell  aft,  where  it  would  be  an 

advantage  if  the  shaft  would  e  a  little  to  the  straining 
action  of  the  ship  in  a  storm. 

The  larger  hollow  shafts  are  ubjally  forged  hollow,  but  the 

smaller  shafts  are  forged  or  rolled  solid  and  then  bored 
hollow. 

SHAFT-COUPLINGS. 

We  have  seen  that  shafting  is  made  only  in  short  lengths 
of  about  16  ft.  to  30  ft.  long,  so  it  is  necessary  in  long  lines 
of  shafting  to  couple  these  lengths  together  by  means  of 
what  is  known  as  shaft-couplings.  There  are  three  principal 
divisions  of  shaft-couplings,  viz.,  rigid,  flexible,  and  clutck 
couplings.  All  couplings  should  be  placed  close  to  bearings 
on  the  side  farthest  from  the  driving-point. 

Rigid  Couplings.^When  two  shafts  are  joined  by  a 
coupling   that    can    only  be   removed    by  loosening  keys  or 
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unscrewing  bolts,  such  a  coupling  is  said  to  be  a  rigid  or  fast 
coupling. 

Box  or  Mufi[  Couplings. — This  is  the  simplest  kind  of  a 
shaft-coupling  (Fig.  115).  It  is  made  of  cast  iron.  The  hole 
for  the  shaft  is  cored  small  in  the  casting  and  afterwards  bored 
out  to  fit  the  finished  diameter  of  the  shaft.  The  coupling 
is  secured  to  the  shaft  by  means  of  a  wrought-iron  or  steel 
sunk  key  about  equal  in  length  to  the  coupling  itself,  or  by 
two  keys  each  about  half  as  long  as  the  coupling.  The 
latter  method  is  the  best,  because  then  it  is  not  so  necessary 
that  the  keyway  in  both  shafts  should  be  exactly  the  same 
depth;  moreover,  the  two  keys  can  be  driven  tighter  and 
slacked  easier  than  one  long  key.  Half  the  depth  of  the 
keyway  is  cut  in  the  shaft  and  half  in  the  coupling.  The 
two  shafts  butt  together  at  the  ends.  When  two  keys  are 
used  a  clearance  space  should  be  left  between  them  when 
driven  home,  to  insure  an  equal  tightness  of  both  keys,  as 
chown  at  5,  Fig.  115. 

Exercise  43- — Make  a  complete  working  drawing  of  a  muff 
coupling  like  Fig.  115  for  a  2^"  shaft.     Scale  z=  full  size. 

The  dimensions  may  be  found  from  the  following  propor- 
tions: 

rf=  diameter  of  shaft  =  2^"; 
/  =  thickness  of  metal  in  coupling  =  .4^+  ^^ 
/=  length  of  muff  =  2^^+  2''; 
/?  =  d+2t. 

For  proportions  and  taper  of  key  see  page  in.  In  some 
positions  of  the  coupling  on  the  shaft  the  key  should  have  a 
gib  head,  as  shown  at  h  in  Fig.  117,  when  it  is  difficult  to 
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obtain  access  to  the  small  end  for  the  purpose  of  slacking  up. 
When  the  coupling  is  situated  close  to  the  bearing  it  will 
be  necessary  to  make  the  length  of  the  keyway  to  the  left 
of  the  coupling  equal  to  half  that  of  the  corresponding 
key. 

Split-muff  Couplings. — Fig.  ii6  shows  a  form  of  coup- 
ling  divided  into  two  parts  and  bolted  together  on  the  shaft, 
sometimes  called  a  compression  coupling.  It  is  keyed  to  the 
shaft  with  a  straight  parallel  key  which  fits  only  at  its  sides. 
The  length  of  the  key  may  be  \"  longer  than  the  coupling 
and  the  keyway  the  same  length  as  the  key. 

Exercise  44. — Make  working  drawings  of  the  split-muff 
coupling  shown  in  Fig.  1 16  for  a  3"  shaft.    Scale  6"  =  i  foot. 

♦In  finishing  this  coupling  the  inside  faces  ofthe  two  halves 
are  planed  and  the  bolt-holes  drilled.  Now. placing  a  piece 
of  sheet  tin  between  the  halves  and  bolting  them  together, 
the  hole  is  bored  for  the  shaft,  making  it  equal  in  diameter 
to  the  finished  shaft.  The  sheet  tin  is  then  removed,  and  the 
coupling  when  bolted  on  the  ends  of  two  shafts  clamps  them 
very  tightly  together.  The  ease  with  which  the  split  coup- 
ling can  be  removed  and  replaced  gives  it  a  great  advantage 
over  the  solid-muff  coupling. 

Flange  or  Plate  Coupling. — Fig.  117  shows  a  plate 
coupling  made  by  the  Dodge  Mfg.  Co.  It  is  made  in  two 
parts,  of  cast  iron,  and  keyed  to  the  two  shaft  ends,  the  posi- 
tion of  the  key  in  the  one  shaft  being  at  right  angles  to  the 
key  in  the  other.  The  bolts  are  turned  and  carefully  fitted, 
and  the  holes  drilled  to  template  so  that  they  can  be  duplicated 
if  desired.  Each  coupling  should  be  faced  after  it  has  been 
keyed  to  its  shaft,  so  as  to  obtain  perfect  alignment. 

*  Check  up  drawing  in  Fig.  ii6  and  make  corrections. 
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Exercise  45. — Make  drawings  of  Fig.  117  as  shown,  ex- 
cept that  the  upper  half  of  the  end  elevation  shall  be  a  Jw> 
/wwd/view  through  XX. 

Let  D  =  diameter  of  shaft  =  2"; 
Unit  =  />+*"; 

«  =  number  of  bolts  =  s  -\ ••     •     •     •     •    (1") 

Taking  the  nearest  even  number. 


The  remaining  dimensions  can  be  found  from  the  propor- 
tions given  in  the  figure  in  terms  of  ef,  the  diameter  of  the 
bolt. 

The  taper  of  the  hub  may  be  made  equal  to  Y'  in  12". 

The  phaft,  in  this  figure  is  shown  sectioned  for  wrought 
iron,  but  in  the  drawing  required  it  may  be  sectioned  with 
steel  f  tf/or. 

Figs.  118  and  B 19  show  plate  couplings  made  by  the  Hill 
Clutch  Company. 
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Exerdse  46. — Make  drawings  as  required  for  Exercise  45 
of  3  "  Hill "  plate  coupling  for  a  4J"  shaft,  Tiie  dimensions 
Cor  A   and  ^  to  be  taken  from  Table  20.     The  number  of 
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tmlts  to  be  determined  from  equation  (18),  and  the  diameter 
of  the  bolts  from  equation  (19)      The  remaining  proportions 
to  be  worked  out  according  to  the  student's  judgment. 
^     The    Sellers    Clamp    Coupling  (Fig.   120). — This  is  a 
^,^^ie^  form  of  a  muff  coupling  which  is  turned  to  a  cyltn* 
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l-^lrical   form  on  the  outside,  but  has  a  double  conical  s 
I  inside.     Two   conical    sleeves   or   bushes   turned    to   6t 


Iniilde  of  the  muff  and  bored  out  to  fit  the  shafts  ftre  puUedl 
together  by  three  bolts.  The  sleeves  are  split  on  one  side  I 
through  one  of  the  bolt-holcs,  so  that  the  more  the  bolts  are  ] 
icrewed  up,  the  tighter  the  sleeves  clamp  the  shafts  and  bind  i 
them  firmly  loKethcr.  Keys  arc  also  used  to  further  prevent  I 
Bhpping 

Exerciie  47. — Make  the  drawings  shown  in  Fig.  121  of  a  | 
Sellers  clamp  coupling.     Scale  full  sise. 

The  taper  of  the  conical  sleeve  is  2%"  per  foot  of  length  ] 
OH  tht  diamrlrr ;  e.g.,  if  the  sleeve  was  6"  long  and  the  large  1 
diameter  meaitured  4",  the  small  diameter  would  measure  2J' 

For  the  dimensions  of  the  Sellers  clamp  coupling  for  J 
various  diameterii  of  shaft,  use  the  following  table. 


fe 
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122  shows  three  views  of 
5  somewhat  like  the  Sellers 
r  bolls  nor  keys,  the  conical 
lund  nuts  threaded  into  the 

at  the  side,  and  when  they 
)lit  sides  arc  at  right  angles 

allows  a  key-driver  to  be 
jenings  (after  the  nuts  have 
ler  bush  when  it  is  desired 


Frictional  Cou"''"*'  — ^'t^ 
Butler's  frictional  ci 
coupling,  except  that  i 
bushes  being  held  in  o 
muff.    The  conica! 
are  in  position  on  su 

to  each  other;  this  ai  jenr 
introduced  through  one  of  these 
been  removed)  to  drive  out  the 
to  remove  the  coupling  from  the  shaft.  The  bushes  are 
guided  into  position  by  small  dowel-pins  which  enter  short 
grooves  provided  for  them  inside  the  muff.  The  J"  round 
holes  shown  in  top  and  bottom  at  the  centre  of  the  muff  are 
used  to  see  when  the  ends  of  the  shafts  come  together,  for 
then  only  will  the  coupling  be  in  its  proper  position. 

Exercise  48. — Make  complete  working  drawings  of  the 
Butler  coupling  like  Fig.  122,  except  that  the  shaft  shall  be 
of  steel  and  the'  sectioning  shall  be  appropriately  colored 
instead  of  hatch-lined.     Scale  =  full  size. 

The  threads  on  the  lock-nuts  should  be  that  number  pe 
inch  used  on  a  pipe  whose  outside  diameter  is  nearest  to  tht. 


SHAFTING  AND  SHAFT-COUPLINGS,  l?S 


I/G 


DRAWING   AND   DEStGNlNG. 


outside  diameter  of  the  nut.  The  lock-nuts  are  screwed  into 
position  by  means  of  a  spanner  wrench  having  projecting 
pieces  which  fit  into  the  recesses  shown  in  end  elevation. 
The  taper  of  the  conical  bushes  may  be  made  }"  in  12"  on 
the  diameter.  The  faces  marlced  with  small  f  are  to  be 
finished. 

The  principal  proportions  of  this  coupling  are  as  follows: 
d  =  diameter  of  shaft ; 
D  =  diameter  of  muff  =  2.2$d; 
L  =  length  of  muff  =  4d. 
Stuart's  Clamp  Coupling. — This  coupling,  shown  in  Fig. 
123,  differs  from   the  Sellers   coupling  in   having   tapered 


Fig.  «3. 
wedges  instead  of  conical  sleeves;  these  tapered  wedges  and 
opposite  halves  of  each  end  of  the  muff  are  bored  to  the  size 
of  the  shaft.  Studs  and  nuts  hold  tlic  wedges  in  place, 
making,  on  the  whole,  a  cheap  and  effective  coupling  without 
the  use  of  keys. 

Exercise  49 — Make    drawings   of  a  Stuart's  coupling  as 
shown  in  Fig.  134  for  a  ij"  shaft.     Scii/e  =  full sise. 
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Let  /?.  asd  D.  be  tie  isTcntt]  and  the  externa!  diameter, 
respectively,  o:  the  b^l^ow  shaft;  then  tram  equation  (15)  we 
have 


"  =  \  -IT- 

=  dianieter  o:  an  eqjh-alent  solid  shaft  =  unit. 
J  —  diameter  of  bolt: 
n  =  number  of  bolts  =  .25/?  +  2; 

R  =  radius  of  bolt  circle  =  ^  +  ^  ^S*^ 

2 

Resistance  to  shearing  of  bolts  =  resistance  to  torsion  of 
shaft  divided  by  R. 


t^r  (U-^*^'  ^'"^^  ^'A 
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.Y  =  heigS:  ;!  =-=  =  JJ  w  W 
\\"hra  the  bo'.:"  arc  l}    diamMCT  or  over  they  m  nsuall; 
tapetwl.  and  tapered  bolts  are  often  made  without   heads. 
For  taper  o(  bolt  use  }    in  I2"-     (See  Exercise  13.) 
C  =  diameter  ol  bolt  centre  =  O  +  1.2id. 
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While  the  shearing  resistance  of  the  bolts  increases  as  the 
diameter  C  increases  with  the  same  diameter  of  bolt,  yet  to 
avoid  the  unnecessary  use  of  material  in  the  flanges,  and 
secure  a  maximum  of  tightness  in  the  coupling,  the  diameter 
C  should  be  made  as  small  as  it  is  convenient  to  make  it. 

t  =  thickness  of  flange  =  .377; 
F=  diameter  of  flange  =  D -j-  3.9^. 
/  =  A-i"-  /=<■ 

When  cylindrical  heads  are  used  in  tapered  bolts  their 
diameter  may  be  1"  larger  than  the  largest  diameter  of  the 
bolt,  and  the  height  equal  to  |</,. 


Jaw  Clutch  Coupling:. — This  coupling,  shown  in  Figs. 
126  and  127,  is  such  that  one  half  may  be  geared  with  or  dis- 
geared  from  the  other  half  at  will,  and  for  slow-moving  shafts 
tliis  ammg^ment  is  simple  and  effective. 

Bxerdw  51. — Make  drawings  as  shown  in  Fig.  127  for  a 
■ted  shaft  3"  diameter.  The  other  dimensions  may  be  taken 
fiom  TaUe  23. 

^lirml-jaw  Coupling.  This  form  of  coupling,  shown  in 
ViffL  138  and  129,  has  axial  engagement  and  is  the  commonest 
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Exercise  52. — Make  drawings  of  a  spiral-jaw  coupling  for 
a  2i"  shaft,  as  shown  in  Fig.  129.     Scale  6"  =  i  foot. 

The  Universal-joint  Coupling. — This  most  common  of 
flexible  couplings  is  best  known  as  Hooke's  coupling. 
Reuleaux  says :  **  If  not  the  original  inventor  of  the  Universal 
Joint,  the  Italian  Cardan  was  the  first  to  describe  it  (1501- 
1576),  and  the  Englishman  Hooke  (1635-1702)  first  applied 
it  for  the  transmission  of  rotary  motion."  The  practical 
value  of  this  form  of  coupling  is  that  it  can  be  used  to  con- 
nect two  shafts  whose  axes  intersect,  and  the  angle  between 
the  shafts  may  be  varied  during  rotation ;  this  latter  feature 
makes  it  suitable  for  ship  propeller-shafts,  to  allow  for  the 
flexure  due  to  the  elasticity  of  the  hull  of  the  vessel. 

The  coupling  shown  in  Fig.  130  is  called  a  double-joint 
coupling  because  of  the  intermediate  piece  shown  at  5,  and 
is  such  that  two  shafts  in  the  same  plane  and  making  equal 
angles'  with  the  intermediate  piece  (5)  will  rotate  with 
uniform  angular  velocity.  This  coupling  is  made  by  the 
Dodge  Mfg.  Co.,  Mishawaka,  Indiana. 

Exercise  53. — Make  complete  drawings  as  shown  in  Fig. 
130,     Scale  6"  =  i  foot. 

Propeller-shaft  Coupling. — Fig.  131  shows  a  propeller- 
shaft  coupling,  designed  by  the  Campbell  &  Zell  Co., 
Baltimore,  Md.  The  material  of  the  coupling  and  coupling- 
nut  is  wrought  steel.  The  design  is  neat,  compact,  compara- 
tively  inexpensive,  and  has  given  good  satisfaction. 

ItxtTCflW  54* — Make  drawings  of  Fig.  131  as  shown,  except 
that  the  diameter  of  the  bolts  is  to  be  calculated  by  equa- 
tions (20)  and  (21)  (so  that  the  resistance  to  shearing  of  bolts 
will  be  equal  to  resistance  to  torsion  of  shaft  divided  by  K)f 
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and  e  the  diameter  of  the  bolt-centre  circle  and  the  out 

di;  '<{  the  coupling  to  suit.     Scale  6"  =  i  foot. 

In  ation  (20)  usei?  equal  to  the  mean  diameter  of  t 
tapered  irt  of  the  shaft,  and  from  the  result  of  equati 
{21)  taki  the  nearest  commercial  bolt  diameter  found 
Table  8. 


i 


CHAPTER  V. 

PIPES  AND  PIPE-COUPLINGS. 

Ipes. — Pipes  arc  made  of  cast  irotty  wrought  iron^  steely 
^^per^  and  brass ^  and  used  to  convey  steam,  water,  or  gas; 
^^pper  pipes  are  used  most  largely  in  marine  work,  syid  brass 
P^pes  or  tubes  are  used  to  some  extent  in  Europe  for  the  fire- 
^ube  boilers  of  locomotives  and  for  other  purposes. 
Thickness  of  Pipes  to  Resist  Internal  Pressure. 
Let  D  =  internal  diameter  of  pipe  or  mean  diameter  for 
very  thick  pipes; 
/  =  length  of  pipe  in  inches,  inside  of  flanges ; 
P=  internal  pressure  in  pounds  per  square  inch; 
/  =  thickness  of  pipe  in  inches ; 
f^  =  safe   tensile    stress   in   material   in   pounds   per 
square  inch. 
Then  the  total  force  tending  to  separate  two  sections  of 
the  shell  =  P  X  /?  X  A  which  is  resisted  by  the  two  thick- 
nesses of  the  shell  X  the  length  of  the  pipe  X  the  pressure 
per  square  inch,  or  2(//^);  from  this  we  get 

'=v; *■> 

This  formula  gives  a  thickness  somewhat  less  than  is  used 

iu  practice. 

Z89 
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+'. 


and  the  values  of  k  and  c  as  follows: 


TABLE  24. 


Casl-iroD  steam  or  water  pipes  .. 

Ca*l-iroit  steam -cylinders 

Lap-welded  wroughl-iron  lube 

Solid  dmwD  steel  lubes 

Copper  steam-pipes 

Lead  pipes 


For  foundry  reasons  <  _Ei££IJ^ifl!lld.never  be  les^^ 

thanj^"  thick,  and  loag.iengLu     .ot  less  than  ^". 

For  tables  giving  the  thickness  of  pipes  for  various  pres- 
sures and  equivalent  heads  see  Kent's  "  Mechanical  Engineers' 
Pocket-book,"  p.  189. 


PIPE-COUPLINGS. 

Cast-iron  Pipe-coupltngs  — The  most  common  method 
of  connecting  cast-iron  pipes  is  by  flanges  cast  on  the  pipes 
as  shown  in  Fig.   131. 

Exercise  55. — Make  drawings  of  a  cast-iron  pipe>coupling 
like  Fig.  [31.  £>=?>".  Calculate  remaining  dimensions  by 
the  following  formula.     Scale  6"  =  i  foot. 

t  =  0,023/) -t-  0-327; 
/^=0.O33P-|-o.56; 
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E=  i.i25/?  +  4-25; 
C—  1.0927?+ 2.566; 

d  =  o.owD  ■\-  Q.-jy, 

«=  number  of  bolts  =  0,78/?+  2.56; 

to  =  weight  of  pipe  per  foot  =  0.24/?"  +  %D; 

W=       "        "  flange  =  .oolZ'*  +  o.l/?'  +  i?  +  2. 

This  joint  has  the  flanges  faced  all  over,  and  is  used  for 
essures  up  to  75  lbs.  per  square  inch  (170  ft.  of  head);  for 


Fig.  131. 


^KT  pressoFes  the  joint  may  be  made  with  a  string  smeared 
tfa  red  lead  between  the  flanges  or  a  lead,  india-rubber,  or 
■tt*-percka  ring. 

XutcIm  56. — Hake  drawings  of  a  cast-iron- pipe  flange 
Dpling.  Fig.  132.  Inside  diameter  of  pipe  to  be  9",  other 
WMiinni  tn  hr  tnlrrn  from  Table  25.     Scale  6"  =  1  foot. 
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TABLE  2a. 

ETANDARU   CAST-imON    I 


StrcNOB 

D 

' 

" 

'^ 

^ 

£ 

d 

Tbre°>d  *t 

/ 

401) 

■tt 

5/8 

6 

./8 

8lS 

«/4 

al 

7 

1050 

1/4 

1/4 

s/s 

1/4 

4> 

It 

4Wj 

.3/ .6 

»t 

s/a 

S/lb 

7 

9 

•i/16 

800 

4i 

WB 

7 

V4 

S/16 

-i25 

.S/it 

3/4 

1630 

1/8 

.^61 

9 

1/4 

a36o 

.«o 

■-V 

V4 

V8 

.^3q 

>l 

ni 

V4 

4190 

VB 

1=80 

U 

15 

16-0 

V8 

H\ 

•A 

.(. 

VB 

" 

■79 

" 

.4 

li 

■9 

3/8 

1470 
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and    [he  Master  Steam    anj    llol  Wate;   Fit 
Slzea  up  10  14"  diameter  arc  designed  for  ^^ 
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rater  or  gas.  Fig.  143  shows  a  joint  of  this  kind.  About 
alf  of  the  space  between  the  spigot  and  socket  is  first  filled 
'ith  rope  gasket  and  into  the  remaining  half  is  poured  molten 
;ad,  which  when  it  cools  is  calked  tightly  into  the  socket 
'ith  a  hammer  and  round-nosed  tool. 


Exerdse  56-4. — Make  drawings  of  a  spigot-and-socket  coup- 
ng  for  an  8"  cast-iron  pipe  carrying  a  pressure  of  lOO  lbs. 
er  square  inch  (Fig.  133).     Scale  6"  =  i  foot. 

Same  elevations  and  sections  as  in  Ex.  55.  Calculate  the 
imensions  from  the  following  proportions : 

•  0-^  tnternal  diameter  of  pipe; 


«  Aickness  of  pipe  = 


-  -|-  f  from  equation  (2) ; 


f,  =  t  +  .21; 

',  =  '.  +  *■■; 
'.  =  '.  +  f': 

A  =  .07iD+2r: 
fi  =  .iZ)+2r; 
C=.o6D-^  i": 
f  =  1»,"  to  t"; 

'  +  •7 


E^nrcise  57 — Make  ' 
socket  cast-iron  pipc-co 
di«nictcf  o(  pipe  10". 
Ex.  55.     S(«lt6"—  I /iwt. 


liawings  for  the  spigot-and- 
lown  in  Fig.  134.  Inlenial 
wj   and   seclioKs  similar  V> 


B -T 


The  dimensions  for  this  problem  are  to  be  calculated  from 
the  proportions  given  for  Ex,  56.  The  turned  and  fitted 
part  E  is  made  with  a  taper  of  f "  in  12". 

Exercise  58. — Make  working  drawings  of  an  8"  cast-iron- 
pipe  flange  coupling  like  Fig.  135.  Elevations  vaA  sections 
as  in  Ex.  55.     SkiU  6''  =  /  foot. 

Dimensions  to  be  taken  from  Table  25. 
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These   pipe-ends  and  flanges  are  strengthened  with   ribs 
drawn  at  an  angle  of  45°  with  the  axis  of  the  pipe,  and  the 


Fig.  I3S. 

joint  is  made  by  means  of  fitting-strips  cast  on  the  flanges 
equal  in  width  to  the  thickness  of  the  pipe.  The  faces  of 
these  strips  are  finished  perfectly  square  with  the  axes  of  the 
pipes,  and  before  bolting  up  are  smeared  with  red  lead. 

Exercise  59. — Make  drawings  of  the  loose  flange  coupling 
for  a  copper  pipe  shown  in  Fig.  136.  Inside  diameter  of 
pipe  8".     Scale  6"  —  i  foot. 

This  joint  is  the  invention  of  Mr.  R.  B.  Pope  of  Dumbar- 


Kt«^« 


aafcaf  «a«aBM.  omi^b^  ■■■»  mva^dcd, 

i:  Ar  faHcr  «  fBAaed.      fc  ii  cndm  fimi 


1           !            !            ! 
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ti  *    J      >'■• 
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■A    '-i    :  I 

7          •          In        ift 

?! 
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Wrought-iron  and    Stee!    Pipe-coaplings.  —  Fig.    13; 

rhowa  a  verj'  cmcien:  form  of  joint  for  wrought-iron  pipes. 
The  Har-oCci  cr.'Ji  of  the  pipes  arc  countersunk  into  the  cast 
flan'-e  rin^s,  and  the  bolt-heads  are  also  countersunk  about  f 
of  an  incli.  I'.etween  the  flanged  ends  of  the  pipes  is  placed 
a  ring  of  lead  }"  thick  and  from  f"  to  f"  wide. 

Exercise  60. — Make  drawings  of  the  joint  shown  in  Fig. 
137  for  a  6  '  wrought-iron  pipe.     Scale  full  sise. 

A  should  be  made  equal  to  i.z^d.  t  may  be  taken  from 
Table  7.    Remaining  dimensions  may  be  taken  from  Table  26. 
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The  "Converse "  joint  for  wrought-iron  and  steel  pipes  is 
shown  at  Fig.  138.  It  is  manufactured  by  the  National  Tube 
Works,  McKeesport,  Pa.  This  joint  consists  of  a  cast-iron 
sleeve  with  a  space  for  lead  at  each  end;  there  are  also 
interna]   recesses  plainly  shown  in  Fig.  138.  into  which  are 


Fic.  138. 


inserted  rivet-heads  on  the  ends  of  the  pipes,  and  by  a  turn 
of  the  iHpes  the  flanges  become  locked  in  position.  Molten 
lead  U  poured  into  these  recesses  around  the  rivet-heads  and 
ti^tly  calked  at  the  ends  of  the  sleeves,  as  shown  in  Fig.  139. 
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Exercise  6t. — Make  drawings  of  the  Converse  joint  fori 
7"  wrought-iron  pipe,  according  to  the  dimensions  given  in 
Fig.  139-  Elevations  and  cross-sections  same  as  in  Ex.  55. 
Scale  6"  =  /  foot. 


Fig.  139. 


Screwed  -  flange  Pipe  -  coupling.  —  Fig.  140  shows  a 
wrought-iron  pipe-joint  made  by  screwing  cast-iron  flanges 
on  the  ends  of  the  pipes  and  held  together  by  bolts.  It 
is  used  by  the  Philadelphia  &  Reading  Coal  and  Iron  Co.  for 
their  steam-pipes.  The  threads  of  the  screws  on  the  pipes 
are  made  according  to  the  Briggs  standard.  The  lugs  shown 
in  the  figure  on  the  right-hand  flange  are  cast  on,  and  have 
their  inner  surfaces  finished  to  fit  the  cylindrical  fitting-piece 
on  the  other  flange.  The  ring  shown  between  the  flanges  ia 
of  gvm  rubber  and  makes  the  joint  steam-tight.  The  pipes 
are  made  in  lengths  of  from  16  to  20  ft. 

Exercise  62 — Draw  a  screwed-flange  pipe-coupling  like 
Fig.  140  for  an  8"  wrought-iron  pipe.     Scale  6"  =  t  foot. 

Dimensions  may  be  taken  from  the  following  table : 
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"W 

■^ 

=« 

>• 

:     T/ll      -1 

V4 

-s^ 

~i 

sc 

1/. 

* 

ft 

» 

V* 

3* 

« 

&• 

J- 

* 

a* 

^ 

:           :           :          c- 

C — f -^  i4i  si«ws  a  screwed- 
nBlc-«i»  pipe-  Toe  socket  is 
:  ta£  «f  <Me  pipe  and  tbe  otber 

rT»  Ac  loi^  Icf^ths  of  pipe  into 
?o;k?-:.  a  screw  is  cut  on  one 
virrr  •?  *«eTed  fnlly  on  to  this 
lt;  b.^r:ed  together  the  socket  is 
:r.  ;i;i  pep*. 
.7   siee!   pipe-connections,    see 


:■  i-^T-iriTi^  oi  »  WTOught-iron  socket 
-i"  iiiiT-.eter,  to  dimensions  given  in 
a~i   s/.-.':.'Ks  same  as   Ex.  55.     StaU 


Locomotive   Steam  pipe   Ball  Joint. — Ttiis   joint   (Fig. 
;  I  is  made   between   the  steam  braiuk  pipe  {a)  and  the  tee- 
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which  conducts  the  steam  from  the  dome  and  dry- 
the  steam-chests  of  the  cylinders  on  each  side  of  the 
The  pipes  are  of  cast  iron,  and  the  spherical  joint-ring 


ss.  The  ball  joint  allows  for  expansion  and  contrac 
1  for  the  pipe  to  be  set  at  various  angles  with  the 
icular  and  horizontal. 
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EzexciW  64- — Make  drawings,  as  shown  by  Fig.  142,  o( 
locomotive  steam-pipe  ball  joint  to  dimensions  ^ven.  Su 
6"  =  /  foot. 
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Wrought-iroD  Flange  Pipe-coupling. — Fig.  143  shows 
a  pipe>coupling  made  with  angle-iron  for  a  steel  pipe.  The 
angle-iron  is  rolled  and  welded  into  rings  and  riveted  to  the 
pipes.     These   flanges   are  used   for  either  wrought-iron    or 


;  of  a 


Fig.  143. 
steel   pipes.     The  joint   is  made  steam-tight  by  r 
lead  ring  inserted  between  the  flanges  as  shown. 

ExerdM  6$. — 'Make  drawings  of  a  steel  pipe  with  wrought 
iron  flange  coupling  like  Fig.  143.  Nominal  size  of  pipe  8" 
diameter.  EUvatiens  and  sections  like' Ex.  5;.  Scale  6"  =  i 
foot. 

Couplings  for  Brass  and  Copper  Pipes. — The  coupling 
shown  in  Fig.  144  is  used  *on  locomotive-boiler  feed-pipes, 
injector-pipes,  etc.  The  sleeves  {a)  and  {H)  are  brazed  to  the 
pipes,  and  a  thin  copper  gasket  placed  between  the  ends  of 
the  sleeves  makes  the  joint  thoroughly  tight  when  screwed 
up  with  the  fluted  nut  (c). 

Ezerdie  66. — Make  drawings,  as  shown  in  Fig.  144,  of  a 
brass  pipe-coupling,  outside  diameter  to  be  2i".  Scale  full 
size. 

The  dimensions  may  be  taken  from  Table  28. 
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CHAPTER  VL  /^      J 

SOt^n^TCS.   AXD  WALL   BOX-FRAMES.         1 

All,  pect-t  qfttyeJ  »  Ae  ti*i>tnirwoo  of  power,  ratatiog 
aboat  agm^wJrqt  CDS.flMBt  be  sipfMcted  in  such  a  manner 
«s  t»  aBov  &«e  racaoott.  Tbe  sappotts  receive  the  general 
m^  of  beanacs^  Ac  >Miowa  types  being  designated  accord- 
n^toOedlRCCMaof  tkepRsvcactxag  upon  them.  When 
Ife  pRSSwe  is  petpendKi^r  to  tbe  axis  of  the  shaft  they  are 
joannUffHrifg^  aad  wbca  beatiag*  of  this  type  and  the  frame- 
work cuaatCteJ  wftk  Acn  are  tadepcadcnt  parts  of  a  machine, 
tbey  an  ndisCTinaaatchr  caQed  Plnmmer  Blocks,  Pillow 
Fiock*.  or  Fe^ie^tils, 

Wh^r.  :'n::  rrvss-re  :>  pjral'ei  to  the  axis  of  the  shaft  and 
the  5:-.a::  :;'r-r--A:;^  i:  :"r,e  bciring  surface.  Fig.  164,  the  bear- 
JTiC  :^  •"'  -.':\.~:-I>;.i"-^.  \Vhe:i  :h:s  t\-p<of  bearing  is  employed 
lor  <upivrti:ij:  th;"  ^Vi:j;ht  01  a  vertical  shaft,  it  is  termed  a 
step-  or  t^.v^<:!^^■^ea^:^^.  When  the  pressure  is  parallel  to 
till-  .i\-:<  vH"  the  <h,i!t  ,tnJ  the  ~haft  is  continued  through  the 
be.iriiii;.  the  t.itter  i>  tcmieJ  a  collar- bearing, 

Wncn  pivot-  or  collar- bearings  are  used  on  horizontal 
5hatt:>  they  are  called  thru;.! -bearings. 

Joufpals  arc  the  parts  of  the  shafts  or  axles  that  revolve 
on  the  bearings.  They  are  made  C>-Iindrical,  conical,  or 
spherical,  of  which  the  cylindrical  is  the  most  common  form. 
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To  limit  the  longitudinal  motion  of  journals  the  shafts  are 
♦umed  down  or  have  collars  forged  upon  them  to  form 
shoulders  which  come  in  contact  with  the  faces  of  the  bcar- 
iniKS  upon  which  the  journals  revolve.  When  practicable  the 
length  of  journals  should  be  about  one  per  cent  greater  than 
that  of  their  bearings. 

The  Area  of  a  Bearing  is  the  width  of  the  chord  of 
the  arc  in  contact  with  the  journal,  multiplied  by  the 
length  of  the  bearing.  This  is  sometimes  called  the  projected 
area,  because  it  is  the  area  of  the  contact  surface  projected 
on  to  a  plane  perpendicular  to  the  direction  of  the  pres- 
sure. Thus  the  area  of  a  cylindrical  journal-bearing,  Fig. 
164,  is   D  X  L.     The  area  of  a  pivot- bearing,   Fig.  278,  is  I 

nD"  ~'i  ■  T)^  ' 

.     The  area  of  a  collar-bearing  is  ~  {D"  —  B*)N.    Where     -^ 

U  is  the  diameter  of  the  shaft  Z>,  is  the  outside  diameter  of 
collars  and  N  the  number  of  collars.  4.1I  .^  •     ^^ 

Solid  Journal-bearings. — The  simplest  form  of  journal- 
bearing  is  made  by  drilling  a  hole  through  the  frame  of  the 
machine,  and  to  provide  sufficient  bearing  surface  the  length 
of  the  bearing  is  increased  by  casting  projections,  which  are 
termed  bosses,  upon  the  frame,  as  in  Fig.  145.  In  this  form 
of  bearing  there  is  no  provision  for  wear,  and  the  shaft  can 
be  returned  to  its  initial  position  only  by  renewing  that  part 
of  the  frame  that  carries  the  shaft,  or,  when  the  hole  wears 
oval,  reboring  the  bearing  sufficiently  to  fit  it  with  a  cylindri- 
cal sleeve  or  bush,  as  in  Fig.  146.  Such  a  bearing  may  be 
provided  with  a  bush  or  lined  with  soft  metal,  and  can 
be  restored  to  its  original  condition  by  renewing  the  bush  or 
lining.     The  end  movement  of  the  shaft  may  be  limited 
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by  making  the  diameter  of  one  of  the  journals  less  than  the 
diameter  of  the  shaft,  thereby 
forming  a  shoulder  which  limits 
the  end  movement  in  one  direc- 
tion, and  securing  a  separate 
collar  to  the  shaft,  by  means 
of  a  set-screw  or  taper-pin,  in 
such  a  position  as  to  limit  the 
end  movement  in  the  other 
direction,  as  shown  in  Fig.  145. 
Another  method  is  to  make 
the  shaft  of  uniform  section 
throughout  its  length,  limiting 
its  end  motion  by  means  of 
two  separate  collars  which  may 
be  arranged  in  three  difTcrent 
positions. 

Exercise    67.  —  Draw   two 
i{    I  solid  journal-bcanngs  support- 

ing a  shaft  2"  in  diameter,  mak- 
ing the  area  of  the  bearing  sur- 
face 6  square  inches,  and  show 
an  arrangement  for  limiting  the 
end  movement  in  cither  direc- 
tion by  means  of  one  loose 
collar,  as  shown  in  Fig.  145. 
Draw  also  one  bearing  ij"  in 
diameter  with  a  brass  bush  or 
sleeve,  as  shown  in  Fig.  146. 
Make  /  equal  to  o.i(/-|-  ^".      Parts  dimensioned  in  decimal 
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fractions  are  proportional  to  d.     Complete  and   fill  in  the 
actual  dimensions  to  the  nearest  sixteenth.     Scale  full  size. 

As  the  shafts  supported  by  solid  journal-bearings  cast  with 
the  machine- frame  have  to  pass  through  one  bearing  to  the 
other,  this  form  of  bearing  cannot  be  used  when  there  are 
projections  on  the  shaft.  A  solid  bearing  can  be  used,  how- 
ever, for  supporting  a  shaft  upon  which  there  are  projections, 
by  making  the  bearings  independent  parts  and  securing  them 
to  the  machine-frame  by  means  of  bolts.  By  this  arrange- 
ment the  shaft  is  turned  down  on  the  ends  to  form  the 
journals,  and  one  of  the  bearings  is  placed  on  its  journal 
before  it  is  secured  to  the  frame.  This  form  of  bearing, 
Fig.  147,  consists  of  a  hollow  cylinder  cast  upon  a  base 
through  which  bolts  are  passed  into  the  machine-frame  or 
si^pporting  bracket. 

Fig.  147  shows  a  design  of  a  solid  journal-bearing  used  for 
supporting  the  valve-gear  reversing-shaft  of  a  locomotive. 
Such  a  bearing  can  be  used  for  this  purpose  because  it  is 
subjected  to  a  comparatively  light  load,  while  the  journal  has 
a  slow  and  intermittent  movement.  The  length  and  shape 
of  the  bearing  in  this  design  are  determined  by  local  condi- 
tions, the  bearing  being  carried  forward  further  on  one  side 
of  the  base  than  on  the  other  to  suit  the  shaft.  The  width 
of  the  base  is  determined  by  the  thickness  of  the  frame, 
and  is  provided  with  strips  on  the  under  side  to  facilitate 
fitting. 

Exercise  68* — Draw  an  elevation  and  plan  of  a  solid 
journal-bearing  of  the  form  shown  in  Fig.  147,  making  d  = 
2\"  and  L  =  2d,  The  parts  dimensioned  in  decimal  fractions* 
are  proportional  to  d.     Scale  full  size.  , 
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Construction. — First  draw  the  centre  lines  and  cooiplete 
the  cylindrical  part  of  the  bearing.  Make  the  distance  a 
equal  to  the  outside  radius  o(  the  cyh'ndrical  part  -f-f,{tbe 


^y 

A 

I 


Fig.  147. 
radius  of  the   fillet,  which  we  will  make  equal  to.  say  \")  + 
half  the  distinct;  across  the  angles  of  the  nut  +  J"  for  clear- 
ance.    The  distance  b  can  be  made  equal  to  half  the  distance 
across  the  angles  of  the  nut  +  i  '■ 

Dt7ided  Bearings  — Where  the  conditions  are  such  that 
the  shaft  cannot  be  placed  upon  its  bearings  endwise,  the 
bearings  are  parted  and  the  parts  fastened  together  by  means 
of  bolts  or  screws.  The  division  is  generally  made  on  the 
line  normal  to  the  resultant  pressures  on  the  bearing. 
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In  Fig.  148  is  shown  what  is  generally  termed  a  two-part 
bearing.  It  consists  of  the  block  P,  upon  which  the  journal 
is  supported,  and  the  cap  C,  which  is  secured  to  the  block  by 
the  bolts  CB.  In  this  design  the  journal  is  intended  to  be 
lubricated  with  semi-liquid  grease  which  is  passed  through 
the  opening  O.  The  bearing  is  lined  with  Babbitt  metal, 
.cSZ)  +  tV'  thick.  The  holes  through  which  the  holding- 
down  bolts  pass  are  made  oblong  to  horizontally  adjust  the 
pedestal. 

Wall  Box-frames  are  built  into  the  wall  for  the  purpose 
of  supporting  a  bearing  for  shafting  which  passes  from  one 
room  or  building  to  another.  Fig.  149  shows  a  wall  box- 
frame  with  an  arched  top  to  support  the  wall  above  it.     On 


die  sides  are  cast  projecting  webs  W  which  fit  into  the  wall  to 
Inep  the  frame  from  moving  endwise.  The  upper  side  of  the 
base  Is  provided  with  raised  machined  strips  ^5  upon  which 
the  pedestal  rests,  as  shown  in  Fig.  1 50,  and  at  each  end  of  this 
sniface  are  projections  S,  on  the  sides  of  the  frame,  which 
■K  also  machined.  To  adjust  the  pedestal  horizontally, 
wooden  keys  of  the  necessary  thickness  arc  fitted  between 
the  sarfape  S  and  the  pedestal  base.     The  height  H  is  equal 


to  the  highest  point  oi  the  pedestal  cap  when  raised  clear  of 
the  cap-boits  CB  -^  about  6"  to  allow  the  engineer  to  remove 
the  cap.  The  length  I,  is  equal  to  /.  the  length  of  the  base,  -f 
the  amount  of  horiionCal  adjustXDcnt  allowed  on  the  pedestal 


-j-  V'*     "^^  width  :t-  is  made  .       uit  the  thickness  of  the 
wall,  which  is  usually  built  to  average  from  8"  to  12".     The 

proportioning  of  such  a'  piece  is  largely  a  matter  of  experi- 
ence, none  of  the  parts  being  calculated  for  strength. 

Exercise  69. — Draw  a  pedestal  and  wall  box-frame  of  the 
designs  shown  in  Figs,  148  and  150,  placing  the  pedestal  in 
position  on  the  wall  box-frame,  to  which  it  is  secured  by  two 
square-headed  bolts  the  heads  of  which  project  below  the 
base.  Make  the  pedestal  to  suit  a  shaft  2^"  in  diameter,  the 
length  L  equal  to  iD,  and  the  width  w  of  the  frame  equal  to 
8".  Show  a  half-elevation  and  balf-sectional  elevation  of 
the  pedestal,  and  an  elevation  of  the  wall  box-frame,  also  a 
plan  view  of  the  pedestal  with  half  of  the  cap  removed,  and 
in  combination  with  this  view  show  a  section  of  the  wall  box- 
frame  at  the  line  WS.     Make  also  an  end  view  of  the  pedestal 
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aiid  a  sectional  end  view  of  the  wall  box-frame.  All  parts  of 
the  pedestal  are  proportional  to  the  diameter  D  of  the  journal. 
Fill  in  all  dimensions  omitted.     Scale  full  size. 

Construction, — Draw  the  vertical  and  horizontal  centre 
lines  of  the  journal,  then  determine  the  distances  from  centre 
to  centre  of  the  bolts  by  drawing  the  line  i  which  represents 
the  top  of  the  cap-flange,  and  the  arc  2,  which  represents  the 
top  of  the  cap  at  the  centre  of  the  bearing.  The  centres  of 
the  cap-bolts  can  now  be  determined  by  making  the  corners 
of  the  nuts  from  -^"  to  \"  clear  of  the  fillet  which  joins  the 
lines  I  and  2.  It  is  obvious  that  the  bolts  may  be  brought 
nearer  together  by  either  increasing  the  thickness  of  the  cap- 
flange  or  cutting  out  the  curve  2  around  the  nut,  but  on  small 
pedestals  for  line  shafting  this  is  unnecessary.  The  radius  r 
is  made  equal  to  half  the  distance  across  the  angles  of  the  nut 
+  i"  for  finish.  The  distance  from  centre  to  centre  of  the 
holding-down  bolts  is  equal  to  the  distance  b  -}-  the  horizon- 
tal adjustment  (equal  to  the  length  of  the  hole  —  diameter  of 
bolt)  +  the  diameter  of  the  washer  -}-  the  radii  of  the  fillets, 
which  may  be  made  equal  to  about  J".  Determine  the 
radius  r  of  the  arched  top  of  the  wall  box-frame  by  making 

e 
F,  the  versed  sine  of  the  arc,  equal  to  — . 

Half  the  elevation  is  sectioned,  to  show  more  clearly  the 
method  employed  to  keep  the  Babbitt  lining  from  turning 
with  the  shaft,  the  form  of  head  on  the  cap- bolts,  and  also 
that  the  diameter  of  the  holes  through  which  the  cap-bolts 
pass  is  greater  than  the  bolt  diameter.  The  plan  view  is 
shown  with  the  cover  removed  from  one  side  of  the  bearing, 
to  show  the  form  of  that  part  of  the  bearing  through  which 
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the  shaft  passes.     The  fitting-strips  on  the  under  side  oJ  th* 
base  are  of  the  same  proportions  as  in  the  previous  exercise. 
Wlien  practicable  it  is  usual  to  provide  the  piece  to  whicrli 
the  bearing  is  fastened  with  fitting-strips  also,  as  in  Fig.  ijelP' 
Post  Bearings. — When  the  bearing  has  to  be  secured  C:=^o 
I  vertical  surface,  the  base  is  cast  on  the  side,  as  shown  f  n 
Fig.  151.     In  the  design  shown  in  Fig.  152  it  is  necessarj'  cn^o 
provide  the  cap  with  four  bolts  because  of  the  webs  W,  whic^     ^ 
'are  in  the  way  cf  the  bolts  '~-= —  placed  on  the  centre  ^^= 
in   Fig.  14S.     The  bearing  jed  in  this  case  for  tw       '■ 

grease-cups,  which  are  screw  o  the  cap  at  the  tappe-— ^ 


holes  O.  The  cap-bolts  are  I 
are  being  screwed  down  by 
side  of  the  box. 

Exercise  70. — Draw  the  el 
section,  as  shown  in  Fig.  152, 

top    pro] 


m  turning  when  the  nut" 
ions  //  cast  on  the  unde- 


and  an  end  view  half  ir"=3 
V  also  a  plan  view  of  the^^ 
:ed    from    the  elevation- 
Make  D  =  2j",  and  L  =  three  time^ 
/?.      Parts  not   dimensioned   are   im 
the  same  proportion  to  D  as  in  the 
preceding  exercise.     Sca/e  half  sise. 
Construction. — Draw   the  centre 
lines  of  the  bearing,  taking  care  to 
leave   sufficient    space    to    draw    the 
plan.      Mark   off   the   distance   that 
the  bearing  projects  from  the  post, 
then  determine  the  length  and  width 
Fig.  151.  of   the  base.     The  centres   of   the 

bolts  PB  should  be  in  a  distance  at  least  equal  to  the  radius 
of  the  washer  -|-  \"  from  the  ends  of  the  base. 
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The  vertical  adjustment  a  is  made  equal  to  ij".  As  the 
oblong  holes  are  cored,  the  width  €  is  \"  greater  than  the 
diameter  of  the  bolts. 

Wall  Brackets  are  employed  to  carry  pedestals  which 
support  a  horizontal  shaft  running  parallel  and  near  to  a  wall. 
The  bracket,  Fig.  153,  is  fastened  to  the  wall  by  means  of 
three  bolts  which  pass  through  it  and  the  wall.     The  pedestal 


is  secured  to  the  upper  surface  by  square-  or  T-headed  bolts 
which  slide  in  the  J-shaped  slotS  which  runs  the  whole 
length  of  the  bracket.  By  this  arrangement  the  distance  that 
the  pedestal  is  from  the  wall  can  be  adjusted. 

Exercise  71. — Draw  a  wall  bracket  to  the  proportions  given 
in  Fi<;.  153.  Make  the  slot  5'  suitable  for  a  f"  square-headed 
bolt.  Draw  also  a  section,  the  plane  of  section  passing 
through  the  bracket  at  the  line  AB.     Scale  half  shte. 
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\j'\       h    \  SELF-ADJUSTING    BEARINGS. 

Bearings  for  supporting  line  shafting  may  be  divided  into 
two  classes,  Rigid  and  Self-adjusting.  When  shafting  is 
supported  upon  a  number  of  ri^id  bearings  it  is  essentjalJLhat, 
^hey  all  be  in  line^  one  with  another,  in  order  that  the  pres- 
suie  be  JTstributea  over  the  entire  surface  of  each.  This  is 
possible  with  bearings  of  the  **  rigid  form  **  having  compara- 
tively long  boxes  when  they  are  rigidly  supported/but  when 

sorted  upon  insecure  foundations,  which  are  liable  to  sink. 


the   bearing  will  assume  such  a  position   in   relation   to    its 
journal  as  is  shown  in  Ylg."i{4,  where  the  entire  load  is  carried 


Fig.  15^. 
upon  a  small  portion  of  the  bearing.     Such  a  condition  exists 
also  where  the  distance  between  the  bearings  is  great  in  com- 
parison  with  the  shaft  diameter,  owing  to  theKateral  deflection 

hder  such  conditiorisTHe  oil  is 


of  the  shaft  by  the  geann 
forced  out  from  between  the  rubbing  surfaces,  causing  the 
/netals  to  heat  and  seize  by  metallic  contact. 
avoi 


IS  localization  of  pressure,  bearings  with  a 
ball-and-socket  joint  are  used,  which  to  a  limited  extent 
adjust  themselves  to  the  various  positions  of  the  shaft,  so  that 


» . 
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the  axis  of  the  bearing  v 
journal. 

/  This  form  of  bearing  makes  it  practical  to  use  a  long  box. 
thus  keeping  the  pressure  between  the  journal  and  bearing 
light  enough  to  retain  an  unbroken  film  of  lubricant  between 

.^he  rubbing  5U^faces■;^  With  these  conditions  the  boxes  may 
be  made  of  cast-iron,  which  is  the  cheapest  and,  if  well  lubri- 
cated,   the    most    desirable    metal    for   the    purpose./'Many 


kill  always  coincide  with  that  of  the 


these  boxes  with  a  white 
sts  itself  to  any  irregulari- 
fect  bearing  more  rapidly 
er  material.! -A^in,  with 
ricant  fail  and  the  metals 
and  destroy  the  journal, 
the  babbitt  metal  would 
;  shaft. 


engineers,  however, 

metal  which  rapidly 

ties  on  the  journal, 

than  would  be  the  cas^  >.. 

fhe  cast-iron   box,   should 

come   in  contact,  they 

while,   under  the   same 

melt  without  materially  injunii 
~F  Drop  Hanger-frame. — When  a  shaft  is  supported  over- 
/  head  and  is  not  near  a  wall  the  bearings  are  carried  upon  a 
■    frame,  called  a  hanger  frame,  which  is  secured  to  the  ceiling 

girders.     Two  forms  arc  used,  the  U  form,  which  braces  the 
'      bearing  on  both  sides,  as  shown  in  Fig.  155,  and  the  J,  which 

braces  one  side  only. 

The   objection  to  the  U   form  as  commonly  made  is  the 

difficulty    in    getting  the  shafts    in   and  out  of    the  hanger. 

This   has    been    overcome    to   some   extent    by  making    the 

hangers  open  at  the  bottom  of  the  U,  as  it  were,  and  connect- 
ing the  sides  with  bolls. 

The  J  form  has  the  advantage  of  facilitating  the  mountinp 

and  dismounting  of  the  shaft,  but  is  liable  to  vibrate  unlc- 

made  comparatively  heavy. 


r 
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Fig.  156  shows  a  hanger  made  by  the  Dodge  Manufac- 
turing Co.  which  combines  iht:  advantages  of  both  forms. 
This  is  attained  bymaking  the  hanger  open  on  one  side  and 
providing  it  with  detachable  links  L,  '•  which  are  split,  and  by 
bolts  LB,  drawn  together  upon  taper  cones  C,   cast  on  the 


i 


inger  frames  F,  which  match  corresponding  recesses  in  the 
parts  of  the  Hnks.  These  links  are  thus  drawn  up  to  a  positive 
bearing  and  form  a  connection  which  is  virtually  solid,  and  yet 
ley  are  easily  removed  and  replaced."  Fig,  156  shows  a  shaft 
inger  with  an  adjustable  bearing  B,  which  is  carried  between 
le  adjusting  screws  P  and  /",  called  the  plungers.  These 
plungers  are  screwed  into  the  frame  /^and  serve  a  double  pur- 
pose; first,  they  are  a  means  of  obtaining  a  vertical  adjust- 
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ment;  second,  they  provide  the-  sockets,  with  which  the 
spherical  surfaces  on  the  box  engage,  to  form  the  ball-and- 
socket  joint.  The  plungers  arc  locked  in  position  by  the  set- 
screws  S.     The  bearings  are  lubricated   by  filling  the  cups 


O  and  O'  with  grease,  or  cotton  saturated  with  oil. .  The 
drippings  of  waste  oil  from  the  box  are  caught  in  the  oil  dish 
OD  attached  to  the  frame  by  hooking  the  head  over  the  pin 
P,  which  is  cast  on  the  frame. 

Exercise  72. — Draw  the  front  and  end  elevations  partly  in 
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section,  as  shown  in  Fig.  156,  a  half  plan  and  a  half-sectional 
plan  of  'the  side  to  the  right,  the  plane  of  section  passing 
through  the  hanger  at  the  centre  line.     Sca/e  half  size. 

Draw  also  full-size' sections  of  the  frame,  the  plane  of  sec- 
tion passing  through  the  hanger  at  the  lines  yJ^,  CD^  ^nd£F. 

Fig.  157  shows  Sellers  method  of  forming  the  ball-and- 
socket  joint  on  adjustable  hanger  bearings.  The  plungers 
J^and  P'  have  shallow  threads  which  extend  along  a  portion 
of  the  plungers,  while  the  threads  in  the  boss  are  cut  the  entire 
length  of  the  boss.  The  plurtgers  are  locked  in  position  by 
the  set-screws  5,  the  points  of  which  are  made  to  press  against 
the  plain  part  of  the  plungers  below  the  threads.  The 
plungers  are  cast  hollow,  and  are  used  as  lubricators  by  filling 
them  with  cotton  saturated  with  oil,  which,  under  ordinary 
conditions,  is  sufficient  to  lubricate  the  journal.  The  open- 
ings O  and  O'  are  filled  with  tallow  which  is  solid  at  ordinary 
temperatures  but  melts  should  the  bearing  become  heated. 
The  outer  end  of  the  plungers  has  a  hexagonal  hole  to 
receive  a  key  by  means  of  which  the  screw  is  turned  when 
adjusting  the  bearing. 

Exercise  73. — Design  a  hanger- frame  and  bearing,  altering 
the  frame  shown  in  Fig.  156  to  suit  the  arrangement  of 
plungers  and  bearing  shown  in  Fig.  i^Jx  and  design  a  method 
of  fastening  a  drip-catcher  to  the  frame,  other  than  that  shown 
in  Figs.  155  and  156,  which  must  be  so  arranged  that  it  can 
be  easily  removed  and  replaced.      Show  a  complete  front 

ELEVATION,  SECTIONAL  END  VIEW,  and   PLAN  projected  from 

the  front  elevation. 

Make  D  =  2\'\  and  length  of  bearing  =  4  Z?.  Unit  of 
proportions  is  1.4  Z>  -|-  .2.     Scale  half  size. 
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is  employed  to  serve  the  same 
tose  as  the  Waif  bracket  with  its  separate  pedestal. 
I  frames   of  these    hangers   arc    designed    on    the    same 


general  lines  and  principles  as  the  drop  hanger-frames  shown 
[I   Fig.  156.     This  hanger  is  shown   in   Fig,  158,  with   and 

Kout  the  double  brace  links,  fitted  with  chain  lubricating- 
ings  of  the  design  shown  in  Fig.  160. 
txerclse  74.— Draw  FRONT  elevation  and  two  END 
TEWS  as  shown  in  Fig.  1 59,  and  a  ri-AN  VIEW  projected  from 
he  front  elevation.  S(ale  S"  to  the  foot.  Show  also  fuU- 
i  sections,  the  plane  of  section  passing  through  the  frame 
s  lines  AB,  CD.  and  EF. 
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*^      Chain  Lubricating-bearing. — This  type  of  bearing  is  dc- 

signed  to  be  lubricated  by  means  of  endless  chains  C  which 

Viang  over  the  shaft,  and  as  it  revolves  the  chains  revolve  with 

it,  passing  through  the  oil  in  the  reservoirs  OR  formed  at 

each  end  of  the  box. 

The  chain  C  consists  of  a  series  of  parallel  links  which 
form  surfaces  to  which  the  oil  adheres  by  capillary  attraction, 
and  is  carried  to  the  shaft,  spreading  through  the  channels 
0  C  \.o  all  parts  of  the  bearing.  All  surplus  oil  falls  back  into 
the  oil  reservoirs,  to  be  used  again  until  it  becomes  thick  or 
dirty,  and  is  then  drawn  oflf  by  removing  the  plugs  5. 

Exercise  75. — Draw  the  chain  lubricating-bearing  shown  in 
.Fig.  161,  showing  a  HALF  ELEVATION  and  half  sectional 
ELEVATION;  an  end  view  projected  from  the  right  HALF 
SECTIONAL  END  VIEWS  projected  from  the  left-hand  end, 
the  plane  of  section  passing  through  the  bearing  at  the  lines 
AB  and  CZ?,  and  a  PLAN  with  half  of  the  upper  box  re- 
moved. Scale  full  size.  Draw  also  an  ELEVATION  and 
PLAN  of  a  part  of  the  lubricating  chain  as  shown  in  Fig.  163. 
Scale  four  iifnes  full  size. 

Construction, — Fig.  162  shows  a  method  of  finding  the 
centres  of  the  chain  represented  in  the  end-view  in  position 
on  the  shaft.  In  this  construction  the  centres  may  be  taken 
on  the  curve  unless  from  the  points  i  to  2,  where  the  radius 
is  small.  At  this  part  step  off  chords  equal  in  length  to  the 
pitch  of  the  chain,  and,  parallel  to  the  chords,  draw  lines 
tangent  to  the  arcs.  The  intersection  of  the  tangent  lines 
may  be  taken  as  the  centres  of  the  chain  at  that  part. 
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Bushes^  steps,  or  Brasses  are  names  given  indiscrimi- 
nately to  the  bearings  proper,  i.e.,  the  brass  or  bronze  parts, 
that  are  in  contact  with  and  support  the  journal.  They  afford 
a  means  of  taking  up  the  lost  motion  due  to  wear,  thus  insur- 
ing that  the  journal  with  which  they  engage  will  have  the  re- 
quired motion  about  the  given  axis.  They  must  be  made  of 
a  material  that  will  allow  the  journal  to  run  in  contact  with  it 
with  a  minimum  amount  of  friction,  and  will  withstand  wear 
without  wearing  the  journal.  They  must  also  have  sufficient 
strength  to  resist  the  stresses  that  come  upon  them,  without 
undue  yielding.  When  supporting  a  wrought-iron  or  steel 
shaft,  gun-metal,  to  a  limited  extent,  fulfils  all  these  require- 
ments. Other  metals  possess  some  of  these  qualities  in  a 
higher  degree  without  having  them  all. 

White  metals,  such  as  **  babbitt's  "  or  **  magnolia"  metals, 
ofifer  less  frictional "resistance,  s^nd  their  surfaces  may  be  de;- 
stroyed  without  injuring  thej>urface  of  the  journal  (as  would 
be  the  case  with  the  bronzes),  but  they  are  too  soft  to  be 
used  alone  unless  subjected  to  an  exceptionally  light  load. 
The  position  of  the  bush  in  the  supporting  frame  depends 
upon  the  direction  of  the  pressure.  In  the  majority  of  bear- 
ings the  resultant  pressures  are  in  one  or  two  directions,  and 
all  lost  motion  caD3e -take»  w^ hf  mnlfing  thn  hearing^!  in  IwjO . 
parts.  The  ordinary  forms  of  two-part  bearings' are  shown 
n  Figs.  164  to  167.  The  forms  shown  in  Figs.  164  and  165 
are  turned,  and  the  supporting  frame  is  bored  with  a  cylin- 
drical hole  into  which  the  bearings  are  fitted.  To  prevent 
these  forms  from  rotating  with  the  shaft  they  are  provided 
with  rectangular  lugs  Z,  as  in  Fig.  165,  or  with  steady  pins  P, 
as  in  Fig.  164. 
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The  pins  may  be  either  cast  with  the  bush  or  driven  in. 
The  forms  shown  in  Figs.  166  and   167  are  cast  square  or 
octagonal  and  planed  to  fit  correspondingly  shaped  surfaces  ia 
the  supporting  frames.     The  square  form  is  the  cheaper,  but 
should  it  become  hot  it  is  liable  to  be  distorted,  owing  to  the 
unequal  distribution  of  metal.    To  facilitate  fitting,  and  reduce 
machining  on  bearings,  it  is  usual  to  support  them  at  their 
ends  only,  by  forming  projecting  faces  F  S  ^.X.  each  end.    This 
may  be  done  successfully  on  small  bearings  subjected  to  a 
steady  load,  but  on  crank-shaft  bearings  it  is  advisable  to 
support  them  over  their  length.     The   bearings  should   be 
divided  on  a_ line  normal  to  the  resultant  .pressures  and,  as 
they  will  wear  very  little  at  that  part,  they  may  be  made 
thinner  than  at  the  part  where  the  pressure  is  greatest.     Ta 
keep  the  bearings  from  moving  laterally  along  the  shaft  they 
are  provided  with  flanges  /%  between  which  the  supporting 
frame  fits,  as  shown  in  Fig.  169. 
A.  /--,  Sole-plates. — When  a  pedestal  is  secured  to  masonry  or 

brickwork  it  is  necessary  to  spread  the  pressure  upon  the 

-      —  •••  ■ 

journal  over  a  large  surface.  For  this  purpose  a  Sole-  or 
Base-plate  is  employed.  These  usually  consist  of  a  flat  cast- 
iron  plate  with  a  bevelled  surface  upon  which  the  pedestal  can 
be  adjusted  horizontally  by  means  of  the  wood  keys  K,  which 
are  driven  in  between  the  joggles  J  and  the  ends  of  the 
pedestal  base,  as  shown  in  Fig.  169.  The  pedestal  is  fast- 
ened to  the  sole-plate  by  the  bolts  PB,  which  pass  through 

w 

it  and  the  base  of  the  pedestal.  The  sole-plate  is  secured  to 
the  foundation  by  the  bolts  FB.  The  width  {b)  of  the  sole- 
plate  should  be  equal  to  {a)  width  of  pedestal  base  4-  the 
amount  of  movement  of  pedestal  along  shaft  4-  say  ^'\ 


ajo 
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.     ir"      ^-Adjustable^ase-plates  are  used  for  adjusting  bearinp 

"t\  jXvertically  aid  horizontally.     The  vertical  adjustment  is  raide 

^^         by  sliding  wedges  which  may  be  arranged  either  laterally  (as 

in  Fig.  l68)  or  longitudinally.     The  horizontal  adjustmcntis 


\r^' 


effected  by  means  of  set-screw;  /hich  take  the  place  of  the 
wooden  keys  shown  in  Fig    i 

Pejlfistai^rPillow-blc  arings  are  used  where  it  is 

necessary  to  have  a  bearing  Ifiat  s  rigid  and  yet  adjustable. 
Fig.  169  shows  tile  ordinary  form  of  pedestal  bearing  em- 
ployed for  supporting  shafting  from  3"  to  8"  in  diameter. 
The  inner  surfaces  of  the  block  /'and  cap  C  are  formed  to 
suit  the  outer  surface  of  the  bushes.  When  the  block  is  pre- 
pared by  hand-work  to  receive  the  bushes  it  is  provided  with 
fitting  strips  FS  to  facilitate  fitting,  but  when  prepared  by 
planing,  the  strips  are  unnecessary.  Some_engineers  make 
the  bushes  that  they  do  Jiot.toucli.each  other_when  the  shaft 
is  in  position,  and  as  the  bushes  wear,  a  space  beingleft  be- 
tween the  cap  and  the  pedestal,  theyare.JiW*>uglH  ueagr  to- 
gether  by  screwing  down  the  cap  C^bvmeans  of  the  bolts 
C B-  I'o  keep  the  cap  from  being  screwed  down  too  far, 
causing  the  bushes  to  bind  the  journal,  the  space  between  the 
cap  and  the  pedestal  is  sometimes  filled  with  hard  wood  and 
the  wear  is  taken  up  by  filing  down  the  hard-wood  distance- 
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pieces,  thus  allowing  the  cap  to  be  screwed  down  a  limited 
distance.  Others  make  the  bushes  in  contact  with  each  other, 
as  in  Fi^T,  j^,  when  the^ushci  fit  the  sliaft,  and  when  they 
become  worn  -they-axe  filed  down  sufficient!};  to  compensate 

fpr  ^h^  'Ytari       ^^"■n  thf  hiishfic  An  nnt  t;nmf  in  contaCt  With 

each  other  and  no  distance-piece  is  used,  the  cap-bolts  should 
be  provided  with  double  nuts.     After  the  pedestal  has  been' 


Fig.  169. 
adjusted  to  suit  the  shaft,  it  is  held  in  position  by  the  bolts 
P  B.     The  holes  in  the  base-  and  sole-plate  through  which 
the  bolts  P B  pass  are  made  oblong  to  allow  the  pedestal  to 
be  moved  along  the  shaft  or  transversely  to  it. 

To  farilitatp  thy  fiftJug  of  the  pedestal  to  the  piece  upon 
which  j»  if*  ramVH  (h/-  hase.is. jUDvIdfd  With  fitting-strips 
around  the  edges  and  across  the  centre.    The  oiUcup  is  usually 
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cast  with  the  cap  C,  or  screwed  into  the  tapped  hole  0,  Fig. 
169.  On  pedestals  having  journals  less  than  3"  in  diameter 
O  may  be  made  to  receive  an  oil-cup  with  a  \"  pipe  ti^ 
shank,  and  when  over  3",  with  a  |"  pipe  tap-shank. 

Exercise  76. — Draw  a  general  arrangement  of  a  pedestal 
and  sole-plate,  Fig.  169,  substituting  the  form  of  bearing 
shown  in  Fig,  164,  Show  a  HALF  elevation  and  HALF 
SECTIONAL  ELEV*Tir»M  t-h..  nlanc  of  section  passing  through 
the  centre  of  the  TALF  PLAN  and  HALF  SEC- 

TIONAL PLAN,  the  passing  transversely  through 

the  centre  of  the  ;         1  he  elevation  project  a  HALF 

END-ELEVATION   i  H.  ONAL    END- ELEVATION",  the 

plane  of  section  passi  the  centre  of  the  pedestal. 

Make  the  length  of  the  h«  gh  the  sole-plate  and  pedes- 

tal-base sufficient  to  all<  iestal  to  move  1"  in  cither 

direction.     Make  D  =  4'    d..u  „    =  2D.     Scale  half  sisr. 

Construction. — All  parts  dimensioned  in  decimals  are  in 
terms  of  D  {the  diameter  of  the  journal).  Parts  marked  in 
inches  are  constant.  Any  parts  not  dimensioned  can  be  de- 
termined by  the  student  from  knowledge  derived  from  previ- 
ous exercises.  A  method  of  drawing  the  joggles/ is  shown 
at  Fig.  169,  which  will  be  readily  understood  from  the 
drawing. 

SELF: LUBRICATING-  PEDESTAL,,^ 

In  this  design,  Fig.  170,  an  oil  reservoir  OR  is  formed  on 
the  under  side  of  the  bearing,  in  which  loose  rings  R  are 
revolved  by  their  friction  on  the  journal,  thereby  raising  a 
continuous  supply  of  oil  to  the  upper  side  of  the  bearing, 
thus    keeping   the   journal    thoroughly    lubricated    and    not 
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wasteful,  as  the  surplus  oil  that  flows  out  of  the  bearing  is 
caught  in  the  chambers  CC  and  carried  back  to  the  reservoir 
OR. 

As  the  same  oil,  in  this  form  of  lubricator,  is  being  used 
repeatedly,  after  a  time  it  becomes  dirty  and  thick  and  is  then 
useless.  Dy  removing  the  screws  S  the  old  oil  is  drained  of?, 
and  the  reservoir  can  then  be  replenished  by  pouring  new  oil 


into  the  openings  in  the  covi 
large,  so  that  the  e 

This  pedestal  is  a 
will  be  very  little  we; 
cap  C.     The  lower 
the  sketch.  Fig.   171. 
vided   with   projecting   f, 
which   fit    upon  corresponai 
and  are  made  concentric  witfi 
bush    it   is  iicjt  necessary  to  w, 


:r.  These  openings  arc  made 
t  if  the  rings  arc  revolving. 
r/oT<'«  pressure,  and  as  llierc 
)per  bush  it  is  cast  with  the 
separate  piece,  as  shown  by 
e  the  machining  it  is  pro- 
'\,  called  machining  strips, 
rejections  on  the  pedestal, 
shaft,  so  that  to  remove  llie 
thdraw  the  shaft,  as  the  bush 
when  relieved  from  the  load  can  be  turned  to  the  upper  side 
of  tlie  journal. 

By  this  arrangement  the  pedestal  is  practically  independ- 
ent of  wear,  as  the  bushes  can  be  removed  and  re-babbitted 
with  little  trouble  or  expense. 

To  keep  the  bush  from  moving  laterally,  flanges  F  are 
cast  at  each  end  which  fit  inside  of  the  end  machining  strips 
on  the  pedestal. 

The  lower  bush  is  kept  from  turning  b)'  the  distance 
piece  DP,  which  also  keeps  the  cap  from  being  screwed 
down  too  far  and  clamping  the  shaft.  To  take  up  the  wear 
of  the  bushes,  the  distance  pieces /JP  are  planed  to  let  the 
cap  go  further   into   the   pedestal.     To  allow  this,  a  space 
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A  is  left  between  the  pedestal  and  the  cover.  This  space 
need  not  be  greater  than  the  thickness  of  the  babbitt  lining, 
which  should  be  from  f "  to  i"  thick. 

The  cap  is  made  to  fit  into  the  pedestal  so  as  to  sit 
squarely  upon  the  journal,  and  does  not  depend  upon  the 
cap  bolts  to  prevent  lateral  movement. 

The  cap  is  usually  held  down  by  two  bolts,  but  to  avoid 
large  bolts  in  the  larger  sizes  of  pedestals  it  is  quite  common 
practice  to  use  four.  The  bolts  in  this  case  are  made  square 
in  section,  and  have  T  heads  which  fit  into  recesses  cast  in 
the  pedestal.  The  pedestal  is  held^n  the  profCi  position  by 
the  bolts -PS,  which  pass  through  o!.*^.i^  noles  in  the  pedestal 
to  allow  for  longitudinal  adjustment  in  either  direction. 
This  form  of  pedestal  is  suitable  for  journals  from  5''  in 
diameter  up. 

Length  of  Bearings. — The  frictional  resistance  at  the 
surface  of  the  journal  converts  the  mechanical  energy  into 
heat,  and,  unless  the  area  of  the  journal  is  sufficiently  large 
to  allow  the  heat  to  radiate  as  fast  as  it  is  generated,  the 
temperature  will  become  great  enough  to  destroy  the  lubri- 
cant, allowing  the  rubbing  surfaces  to  come  in  contact  and 
adhere  to  each  other.  The  radiating  surface  would  be  en- 
larged by  increasing  the  diameter  of  the  journal,  but  the 
velocity  of  the  rubbing  surfaces  would  also  be  increased; 
therefore  the  frictional  resistance  and  the  space  through 
which  it  acts  would  be  greater.  Thus  it  will  be  seen  that 
to  add  to  the  radiating  surface  without  increasing  the  work 
£t  the  surface  of  the  journal  we  must  increase  the  length  of 
the  bearing. 

In  a  paper  read  before  the  Manchester  (England)  Associa* 
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tion  of  Engineers,  Professor  Goodman  stated  that  the  area 
of  a  bearing  should  be  such  that  not  more  than  one  thennal 
unit  of  heat  is  generated  per  square  inch  of  bearing  surface 
per  minute.  ' 

Let  P  =  total  pressure  in  pounds; 

ft  =  coefficient  of  friction; 

5=  speed  of  circumference  of  Journal  in   feet  per 

frDjV 

mmute  = ; 

12 

I  l/=  number  of  revolutions  per  minute; 

A  :—     'ea  of  bearing  in  square  inches,  i.e..  the  diam- 
eter r-f  X  the  length  L; 
D  =  diameter  of  journal  in  inches; 
L  ^=  length  of  journal  in  inches; 
W=  width  of  the  chord  in  contact,  in  inches. 
Foot-pounds  of  work  done  per  minute  at  the  circumfer- 
ence   of    the    journal  =  P>^iS.      The  thermal  units  per  minute 

Pi's        ,    ,       P^iSW  ,  ,  .  ,    ^        P»S     .     ,     , 

=  -^-g  .  and  A  =  y^,  from  which  L  -  ^^g^,  in  mches. 

With  steel  journals  running  in  bronze  or  white-metal 
bearings,  having  continuous  lubrication,  /(,  the  coefificient  of 
friction  may  be  taken  at  .OO56. 

Exercise  77. — Design  a  self-lubricating  pedestal  for  a  shaft 
6"  in  diameter,  of  the  form  shown  in  Fig,  170,  to  carry  a 
load  of  35,000  pounds,  and  run  at  a  speed  of  300  revolutions 
per  minute. 

Show  a  HALF  KLEVATION,  HALF-SF.CTIONAL  ELEVATION, 
the  plane  of  section  passing  through  the  centre  of  one  of  the 
lubricators,  a  HALF  END  klevation  and  HALF  TRANSVERSE 
SECTION',  the  plane  of  section  passing  through  the  pedestal 
at  thecentre,  a  HALF  PLAN  of  the  left-hand  side  of  the  pedes- 
tal, a  QUARTER  PLAN  With  the  cover  (C)  removed,  a  QUAR- 
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ER-SECTIONAL  PLAN,  the  plane  of  section  passing  through 
le  centre  of  the  shaft.     Scale  3''  to  the  foot. 

Make  also  full-size  drawings  of  the  lower  bush,  showing  a 

[ALF    ELEVATION   and  HALF-SECTIONAL  ELEVATION,  a  HALF 

ND  VIEW,  and  a  half  transverse  section,  and  a  plan 
nd  elevation  of  the  ring-joint  as  shown. 

All  points  are  proportional  to  the  diameter  {D)  of  the 
ournal,  except  those  parts  which  are  constant  for  journals 
A  various  sizes. 
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CHAPTER  VII. 


BELT   GEARING. 


Belts. — Amc 
for  belting  are 
Canvas,   camel-hair, 
bands,  flat  chains. 

The   most   common 
Cotton,  the  latter  oft 
known  as  gum  belts. 

Leather  is  more  dur. 


'"■crent  kinds  of  material  used 
gutta-percha,  India-rubbet, 
wire    or   hemp    rope,  steel 

i\   practice  are   leather  and 
ated  with  India-rubber  and 

! 

gum  under  most  conditions,    'I 
but  for  main  driving  the  lattei  is  auperior,  having  an  adhesion 
which  is  claimed  to  be  one  thjrd  greater  than  the  former. 
Transmission  of  Motion  by  Belts. — Motion    may   be 

transmitted  from  one  pulley  to  another  with  uniform  linear 
velocity  by  means  of  a  belt,  provided  there  is  no  slipping  of 
the  belt  on  the  pulley;  i.e.,  regarding  the  belt  as  inextensible 
every  part  of  it  will  have  the  same  velocity  as  the  outside 
rim  of  the  pulley. 

Referring  to  Fig,  171,  let  d,  and  d,  be  the  diameter  of  the 
driver  and  driven  pulleys  respectively,  and  let  JV,  and  N,  he 
their  revolutions  per  minute  and  F  the  velocity  of  the  belt. 

The  speed  of  the  rim  of  the  driver 


r  N,  : 


(0 
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Fig.  171. 
speed  of  the  rim  of  the  driven 


=  d^n  N^=  V   . 


'  (a) 


N,  =  d,«N,    or    d,Ar,  =  d,N,    or    ^|  =  ^.    (3) 

11  questions  concerning  the  velocity  ratio  of  belting 
^y  diameters  should  be  taken  to  the  centre  of  the  belt 
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thickr  hus  the  virtual  diameter  of  the  pulley  would  be 

the  nor  I  diameter  plus  one  thickness  of  the  belt.  For 
other  calciiiations  the  thickness  of  the  belt  is  so  small  it 
may  be  nei   ected  without  much  error. 

Exan  i. — In  the  draughting- room  at  Sibley  College  i 
there  is  a  alve-molion  model  driven  by  an  electric  motor.  I 
The  shaft  A  of  the  motor  carries  a  pulley  ij"  diameter  from  | 
which  passes  a  belt  to  a  15"  pulley  on  a  counter-shaft  B.  I 
This  shaft  car  5"  in  diameter  connected  by 

a  belt   to  the  ey  of  30'    diameter  on  the 

valve-motion  n: 

The  speed  ot  o  R.  P.  M.      Find  the  speed 

of  the  valve-motifi  *.  M.,  Fig.  171. 

From  formu 


N, 


Substituting  we  get 


50     A', 


50 


39  R.  P.M. 


Some  Practknl  Rules. — The  width  of  belts  should  be 
about  25  per  cent  less  than  the  face  of  the  pulky. 

It  has  been  demonstrated  by  experience  that  large  pulleys 
and  fast  running  belts  are  much  more  economical  than  small 
pulleys  and  slow-speed  belts.  All  pulleys  should  be  carefully 
centred  and  balanced  on  the  shaft.  Driving-pulleys  carrying 
shifting-belts  should  have  a  perfectly  flat  surface.  All  other 
pulleys  should  have  a  convexity  of  \"  to  I2"  of  width; 
when  curved  the  chord  of  the  arc  should  be  the  same.     For 
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pulleys  smaller  than  12"  wide,  from  f"  to  \"  per  foot  of  width 
should  be  used. 

Pulley  diameters  should  be  as  large  as  can  be  used  pro- 
vided the  belt  speed  is  kept  within  5000  feet  per  minute, 
^hich  is  held  to  be  the  limit  of  speed  for  belt  economy. 

With  regard  to  the  position  of  idle  pulleys  in  relation  to 
the  driving-pulley  Taylor  says,  "Idle  pulleys  work  most 
satisfactorily  when  located  on  the  slack  side  of  the  belt  about 
one  quarter  away  from  the  driving-pulley." 

Transmission  of  Power  by  Belts. — Let  two  pulleys  A 

and  B  be  connected  by  a  belt  with  a  tension  equal  to  7*,. 

Until  force  is  applied  at  A  tending  to  produce  rotation  of  the 

pulleys,  the  tension  7",  and  T^  will  be  equal ;  but  as  the  force 

at  A  increases  the  tension  in  T^  will  increase,  and  that  in  T^ 

will  decrease  until  7",  —  7",  =  Z'  =  resistance  to  rotation  at 

the  rim  of  the  pulley;  i.e.,  when  the  belt  is  at  the  point  of 

slipping,    the   ratio   of    7",  to    T^  will   be   a   maximum    and 
=  efa^  or  7",  H-  7^,  =  efa.    Where  e  is  the  base  of  the  Naperian 

system  of  logarithms,  /is  the  coefficient  of  friction  =  .3,  /i  is 

in  n  measure  and  =  a  in  degrees  X  0.0174. 

By  logarithms  we  find  that  7",  -r-  7",  =  efa  =  log. 
T.-i-T^^  fa  log.  e  =  AlAlfci^ 

Example  2, — A  six  H.P.  dynamo  is  to  have  a  speed  of 
1450  R.  P.  M  and  has  a  6"  pulley  on  its  shaft.  Power  is  ob- 
tained from  an  engine  fly-wheel  running  at  58  revolutions  per 
minute.  To  obtain  the  required  velocity  ratio  between  the 
engine  and  dynamo,  the  diameter  of  the  fly-wheel  will  have 
to  be  25  times  that  of  the  dynamo  pulley  with  direct  connec- 
tion ;  but  such  a  diameter  would  be  practically  impossible,  so 
it  will  be  necessary  to  install  a  counter-shaft.     Let  18''  be  the 
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mosl  Ic  diameter  for  the  largest  pulley  on  the  counter- 

shaft, the  necessary  speed  of  the  counter-shaft  will  be 

=    M  *«  ~  ^^^   ^'  ^*  ^-       Between   the    engine  and 

the  diameter  of  the  fly-wheel  be   50"  then  its   connecting- 
pulley  on  the  counter-shaft  will  be  ~^  =  6"  neaiiy. 


To  determir. 
dynamo  with  tl 
of  2;  =  to  the   , 


t  necessary  to  connect  the 
:  wilt  have  to  find  the  value 
the  lower  side  of  the  belt. 


First   find   the  work   done  by  the  dynamo  =6x  33,000  = 

198,000  foot-lbs.  per  minute;   the  rim  of  the  dynamo  pulley 

67c 
runs  at  —   X    MSo  =   2277    feet    per    minute;     therefore 


=  87  lbs.      Let  the  centres  of  the  dynamo 
shaft  and  counter-shaft  be   ig  feet  apart,  then  (see  Fig.  172) 


2277 


''dvv.^ 
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R  "^  T      o"  —  x" 
=  — ; —  =  - — ^        =  .04,  and  from  a  table  of  natural 
/  180 

trig,  functions  we  find  that  tan.  .04  =  2.25^. 

a  =   180**  —  2*  =   175.75,     a  xn  n  measure  =   175.75   X 

0.0174  =  3.05.     Then  log.  T,  -r-  T,  =  .4343  X  .3  X  3-05  = 

.3974;  from  a  table  of  logarithms  we  find  that  .3974  is  the 

log.  of  the  number  2.50,  therefore 

7;  -7-  7;  =  2.50. 
Combining  these  equations  thus : 

2.50  7;  -  2.50  7;  =  87  X  2.5",    7;  -  2.50  r,  =  o, 

1.50  7;  =  217.5,  we  find    217.5  "^  i-SO  =  MS*    and 
allowing  70  lbs.  per  inch  width  of  belt,  then 

145  -^  70  =  2.06,  say  2 J". 

Some  Practical  Rules  for  the  Transmission  of  Power^ — 
Richards  gives  the  following  rule  for  the  size  of  driving-belts, 
which  he  says  is  near  enough  for  all  cases  that  arise  in  ordi- 
nary practice. 

rx  W 


H.P.  = 


(4) 


Where  V  =  the  velocity  of  the  belt  in  feet  per  minute. 
W  =  the  width  of  the  belt  in  feet. 
A  =  the  area  given  to  suit  different  conditions  in 
the  following  table : 


TABLE  30. 


LBATHBR  BELTS  SINGLE  THICKNESS. 

I  H.  P. 

On  smooth  iron  pulleys 80  ft. 

On  wooden  pulleys 65  ft. 

On  covered  puUeys 50  ft. 


GUM  BELTS  AVERAGE  THICKNESS. 

I  H.P. 

On  smooth  iron  pulleys 60  ft. 

On  wooden  pulleys 50  ft. 

On  covered  pulleys 35  ft. 


1 

tliickt 
on  pi 
high  s[ 
through  thi 
cushion. 

The  folio 
responding  worn 
of  320  lbs.  per  sq 
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uld  be  made  as  wide  as  possible;  they  are  often 
but  never  too  wide. 

ss  of  Belts. — As  belts  increase  in  width  their 
3uld  also  increase.  Double  belts  should  be  used 
iver  12"  diameter.  Large  belts  running  at  very 
as  in  electrical  work,  should  have  slots  punched 
m  in  such  manner  and  position  as  to  prevent  air 


thickness  of  belt  and  cor- 
1  on  a  safe  working  stress  , 
ts,  are  given  by  Unwta: 


Thickness ot  belt.. 


iSo 


For  other  rules  and  formulfe  see  Kent's  Engineers'  Pocket 
Book,  page  876. 

For  a  safe  working  tension  under  ordinary  conditions, 
many  authorities  allow  only  45  lbs.  per  inch  of  width;  but 
according  to  Mr.  A.  W.  Smith,  experiments  have  shown  that 
a  safe  tension  of  70  lbs.  may  be  had  per  inch  of  width  of 
belt. 

Proportions  of  Pulleys  (Figs.  173  and  174). — 
a    =  centre  of  set-screw  from  end  of  hub  =  ii<^,. 
a,  ==  centre  of  bolt  from  edge  of  flange  =  i\d^. 
b   =  width  of  belt — see  Example  2. 

B  =  pulley  face  =  ^  {d  -\-  0.4).     (Unwin)      ....     (5) 
ti  =  shaft  diameter. 
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(diameter  of  set-screw  in  solid  pulley  =  ^rf  +  tV"-  •  (6) 

diam.  of  bolt  in  split  pulley  at  rim  and  hub  =  eq.      (6) 

set-screw  for  key  =  .25^. 

diameter  of  pulley. 

centre  of  rim  bolt  from  inside  of  rim  =  ^,  +  /« +  i".     (7) 

radius  at  end  of  arms  =  — 

2 

width  of  arm  at  rim  =  \h^ 
width  pf  arm  at  centre  of  pulley 

•^inyj  —  single  belt. 

(Uawin.) 


fBD 
.798, 


■\/^ 


(8) 


=  thickness  of  arm  =  - . 

2 

=  length  of  hub  =  \B  to  B. 

D 
=  number  of  arms  =  -^  +  4.    The  nearest  number  divisible 

by  2  should  be  taken. 
=  thickness  of  rib  surrounding  hub  between  arms  =  .31  rfl 

=  thickness  of  belt — see  Table  31. 

=  thickness  of  rim  =  .6/  +  .005  D (9) 

=  inside  taper  of  pulley  rim  =  /,  -5-  2. 

=  thickness  of  hub  =  J         ^ ,    ,         ,     ,  ,  ^     ' 

{.iZyBD^-h  "  double    *'      (il)' 

=  radius  of  pulley  crown  =  from  3  to  5  ^. 

Exercise  84. — A  fan  revolving  with  a  speed  of  1800  rev. 

min.  develops  8  H.P.  and  has  an  8"  pulley  on  its  shaft. 

ver  is  obtained  from  an  engine  fly-wheel  running  at  75 

.  per  min.     Diam.  of  fly-wheel  =  5  feet.     Determine  the 
per  diameters  of  the  intermediate  pulleys  and  make  a  suit- 
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able  working  drawing  of  the  largest  of  tbem,  similar  to  Fig. 
173  or  Fig.  174.     Stale  6"  =  t  ftl. 

Sec  Example  2,  p.  241. 

Wood-split  Pnllej  iFig.  i75)._The  Committee 
Science  and  the  Arts  of  the  Franklin  Institute,  in  report 
ing  on  the  Dodge  \Vood-q)!it  Pulley  with  wooden  bushings,, 
stated  that  in  most  cases  wood-split  puUeys  are  better  than  iron 
pulleys.     Some  of  the  reasons  given  for  this  are  as  follows 

(l)  They  are  lighter  than  iron  pulleys,  lessening  the  weight 
on  the  line  shaft  and  bearings  and  reducing  friction. 

(z)  The  compresston  fastening  of  the  wooden   pulley 
iron  or  steel  shafts  with  wooden  bushings  will  hold  the  pulley 
on  the  shaft  quite  firmly,  dispensing  with  the  use  of  keys. 

(3)  The  grip  of  a  belt  on  a  wooden  pulley  exceeds  that  on 
an  iron  pulley  to  an  amount  equal  to  at  least  33  per  cent. 

(4)  The  method  of  fastening  the  wooden  pulley  to  the 
shaft  neither  mars  nor  weakens  the  shaft,  and  prevents  any 
tendency  to  throw  the  pulley  out  of  balance,  as  is  the  case 
when  keys  and  set-screws  are  used. 

Construction. — ■■  They  are  built  of  wooden  segments,  the 
face  being  made  of  poplar.  The  two  halves  of  the  pulley 
are  secured  to  the  shaft  with  bolts.  The  bashings  to  fit 
different -si  zed  shafts  are  made  of  hard  wood,  thoroughly 
air-dried,  then  bored  and  kiln-dried;  then  each  bush  is 
countcrbored  to  exact  size  of  shaft,  then  carefully  turned  on 
the  outside  to  fit  the  bore  of  the  pulley.  They  are  then  cut 
transversely  in  halves." 

^^ercise  85— Make  complete  working  drawings  of  a  wooden 
split  loose  pulley  14"  diam.,  shaft  2"  diam.  Projections  to 
be  the  same  as  shown  in  Fig.  175.     Scale  p"  =  /  foot. 


\ 
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AU-wrought-steel  Pulley. — This  pulley  as  manu- 
factured by  the  Am.  Pulley  Co.  is  shown  in  Fig.  176.  In 
paper  on  the  subject  by  Mr,  E,  G.  Budd  before  the  Franklio 
Institute  in  June  1S97,  the  following  advantages  are  claimed 
for  the  all  wrought-steel  pulley: 

(i)  They  can  be  used  in  the  heaviest  service,  clamped  1« 
the  shaft  without  keys  or  set-screws,  and  never  show  a  sign 
of  slipping. 

(2)  There  is  no  machining  required.     The  rims  and  , 
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(3)  Economy  of  material  and  symmetry  of  form,  requiring 
>  counterbalance. 

(4)  Being    made  of    the    best    and   strongest    material, 
is   fully  as   light   as   the  wood   pulley,    and   much   more 

arable. 
Construction. — Referring  to  Fig.  176  it  may  be  seen  that 

le  rim  is  made  up  of  four  segments.  It  is  divided  once 
ansversely  and  once  longitudinally.  The  flanges  on  the 
m  at  the  centre  of  the  face  give  a  means  of  fastening  it  to 
le  arms.  The  rim  edges  are  rolled,  giving  a  neat  appearance 
id  preventing  the  scraping  of  the  belt  in  throwing  it  off  or 
i. 

The  hub  is  made  of  half  cylinders  of  heavy  steel,  and  is 
mnected  to  the  rim  by  a  spider  divided  into  four  parts,  two 
irts  to  each  half  of  the  pulley.  The  spider  arms  are  flat 
id  have  the  edges  lying  in  the  direction  of  rotation.  The 
anner  of  fastening  the  arms  to  the  hub  and  rim,  and  their 
)rrugated  section,  as  shown  at  A  in  Fig.  177,  make  them  ex- 
ptionally  strong  for  their  purpose. 

Exercise  86. — Make  a  true  working  drawing  of  the  all- 
rought-steel  pulley  shown  in  Fig.  177  to  the  dimensions, 
ven.     Scale  4!'  =  /  foot. 

Cone-pulleys. — In  operating  machine  tools  it  is  often 
xessary  to  change  power  and  speed.  This  is  accomplished 
ost  easily  by  means  of  cone-pulleys.  The  driven  pulley 
IS  a  series  of  steps  whose  diameters  are  proportioned  so  that 
le  belt  shall  fit  all  pairs  of  steps  with  an  equal  tension,  and 
hen  the  belt  is  shifted  from  one  pair  of  steps  to  another 
le  velocity  ratio  will  be  changed. 
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Length  of  Belts  (Fig.  178).— 

Let  L  =  length  of  belt ; 

D  =  diam.  of  large  pulley; 

i/s=  diam.  of  small  pulley; 

/  s=  distance  between  centres  of  pulleys : 

D-X-d 
if  s  angle  whose  sine  = j-  for  crossed  belts  and 

/?—  rf 

J-  for  open  belts. 


Fio.  178. 

From  a  table  of  sines  find  the  angle  6  in  degrees  and 
cos  6. 

Then  for  a  crossed  belt: 


Z=(j  +  6)z?  +  rf+2/cos«      .     • 


•     • 


(la) 


and  for  an  open  belt 
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The  length  of  the  crossed  belt  is  constant  when  D-\-dw.i 
I  are  constant ;  therefore  in  designing  a  pair  of  cone-pulleys  so 
that  the  crossed  belt  will  have  equal  tension  on  all  pairs,  ilii 
only  necessary  to  use  a  pair  of  equal  and  similar  cones  Uper- 
ing  opposite  ways. 

To  design  a  pair  of  cone-pulleys  for  an  open  belt; 
Let  DiD,D,D,  and  d,d^d,dt  =.  diameters  of  opposite  pul- 
leys (Fig.  179).  And  using  the  graphical  method  given  by 
Mr.  C.  A.  Smith  in  the  A.  S.  M.  E.,  vol.  10,  p.  296,  let  us 
suppose  the  following  data  to  be  known  : 

(1)  Diameters  of  D,D,D,D^  and  d,. 

(2)  /=  distance  between  centres. 

Then  let  it  be  required  to  find  the  diameters  of  d^,  and  J,. 

Cand  c  are  the  centres  of  the  opposite  cones. 

Around  centre  C  draw  circles  D,D,D,Dt  and  at  centre* 
draw  d,  to  the  diameters  given. 

Draw  tangent  D,d,. 

Bisect  Cc  in  the  point  £  and  erect  a  perpendicular  EF. 

Make  the  distance  EF  =  .314/  found  by  experiment. 
With  centTe  F  draw  arc  A  tangent  to  ZJ,(/,.  All  lines  drawn 
tangent  to  arc  A  will  be  a  common  tangent  to  a  pair  of  cone 
steps  giving  the  same  belt-length  as  that  of  the  given  pair- 
So  to  find  the  diameters  of  the  steps  d^^  and  d^  it  is  only 
necessary  to  draw  tangents  to  D,  and  arc  A,  D,  and  arc  A, 
/?.  and  arc  A,  and  with  centre  c  and  radii  =  c*/, ,  cd,  and  cd^ 
respectively,  draw  the  circles  of  the  required  steps.  This 
method  is  an  approximation,  but  close  enough  for  all  practical 
purposes. 

Exercise  87 — Referring  to  Fig.  179:  First,  assume  diam- 
eters Z*,  =  18",  Z?,  —  14",  Z>,  =  10"  and  /J,  and  df,  =  6",  and 
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find  the  corresponding  diameters  of  the  opposite  steps  accord- 
ing to  Smith's  graphical  method  just  explained  in  connection 
with  Fig.  179. 

Second,  make  complete  working  drawings  of  one  of  the 
cone-pulleys,  showing  half  longitudinal  cross-section  and  half 
side  elevation  combined,  and  also  a  half  end  eleyation  like 
Fig.  180.     Scale  &'  =  i  foot. 
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Let    /  =  thickness  of  edge  of  rim  =  a ; 


h 
H 
R 


thickness  of  hub  =  .  14  ^BD^  -[-  J"  from  eq.  (lO); 
length  of  hub  =  1.43^; 
^^ce  radius  =  5-fi. 


The  remaining  dimensions  may  be  taken  from  the  follow-^ 
ing  table. 


TABLE  82. 

(Dimensions  in  inches.) 


h 

2 

2* 

— r- 
3 

4 

5 

6 

8 

10 

12 

16 

a 

e 

i 

A 

ji 

1 

A 

A 
I 

1 

f 

\ 

f 

I 

li 

II 

Ik 

;i 

»» 

»} 

i 

k 

k 

* 

I 

> 

li 

li 

ij 

If 

18 1 

A 


2] 


Rope  Pulleys. — Rope  pulleys  are  made  of  cast  iron  with 
grooved  rims,  as  shown  in  Figs.  181  and  182.  The  angle  of 
the  groove  is  usually  45°.  The  grooves  for  guide  pulleys  are 
semicircular  at  the  bottom,  the  radius  of  the  curve  being  a 
little  greater  than  the  radius  of  the  rope.     The  diameter  of  a. 
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rope  pulley  measured  to  the  centre  of  the  rope  should  not  be 
less  than  that  given  by  the  following  rule: 

D,  =  {\oD -\- \(>)D.     where 

ZJ,  =  the  smallt;st  diameter  o{  the  puUey: 

D  =  the  diameter  of  the  rope. 

As  in  the  case  of  belt  gearing,  the  slack  side  of  the  rope 
should  be  on  top  wherever  possible,  so  as  to  increase  the  arc 
of  contact  between  the  rope  and  the  pulley. 

Fig.  iSi.  This  is  the  form  of  groove  long  used  in  GreM 
Britain.  It  has  flat  sides  inclined  to  each  other  at  from  45" 
to  60°. 

The  general  practice  in  America  is  to  use  the  form  of 
groove  shown  in  Fig.  182.  where  the  sides  are  cur\'cd.  This 
form  allows  the  rope  to  rotate  in  the  groove,  distributing  the 
wear  over  the  entire  surface  of  the  rope,  making  it  last  longer 
than  it  docs  in  the  Hat-^dcd  groove. 

Exercise  88. — Make  a  drawing  of  the  section  of  the  rim  of 
I    a  rope  [till Icy  with  five  grooves,  as  shown  in  Fig.  181.       Diam. 
of  rope  to  be  if.      Sail.- full  sh€. 

Take  the  other  dimensions  from  the  following  tabl^. 
TABLE  33. 


1 


"3/ 16 

15/16 


2ay 
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e  89 — Make  a  drawing  of  the  rope  pulley  rim  section 
shown  in  Fig.  182.     Diam  of  rope  to  be  i^"     Scale  full  size. 
Remaining  dimensions  may  be  taken  from  Table  34. 
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CHAPTER  VIII. 
TOOTHED  GEARING. 

Proportions  of  Iron  Teeth.     Fig.  183. 

:  circular  pitch  =  i-  ^'P•. 

:  diametral  pitch  {/>  X  /')  =  31416; 


I)  ^  pitch  diameter 

=  T^/>'; 

T=  number  of  teeth 

=  DXf'i 

/  =  addendum  of  tooth 

=  .3/>; 

/'  =  flank  of  tooth 

=  .3S/to  .4/: 

t  ~  thicknt-s-i  of  tooth 

=  .48/  for  cast-iron  teeth, 

=  .  5/  for  cut  teeth ; 

k  =  .04  for  h.iiui- wheels. 

=  .05  for  ordinary  mill  ge 

■ars. 

=  .06  for  wheoU  of  high  ' 

i-elocity  and  mortise  gearing; 

P  =  the  total  forcL-  transmitted  by  one  wheel  to  another 

ofth 


^      S30//       ^         H . 
;  tooth  =  —j7-  =  G6020-_Y 


iTity  of  the  pitch  line  in  feet  per  second 


M4i6A'.V 


.oo$.7iRX: 


-  the  radium  of  the  pitch  circle  in  inches; 

:  the  number  of  revolutions  of  the  wheel  per  minute; 

:  the  horse-power  transmitted  by  the  wheel, 

a6i 
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Wood  Teeth  or  cogs  for  mortise  wheels  are  usually  made 
licker  than  for  the  iron  teeth  of  the  meshing  wheel. 

/  =  thickness  of  iron  teeth  to  mesh  with  mortise  wheel 

=  -4/; 

/  =  thickness  of  wood  cog  =  .dp. 

Exercise  90.  (Fig.  183.) — To  construct  the  teeth  for  a  spur 
%ear  of  15  teeth  and  rack,  p'  or  diametral  pitch  =  2.5. 
nvolute  system,  angle  of  action  =  15°. 

Draw  the  centre  line  C,  and  compute  the  diameter  of  the 
titch  circle  by  dividing  the  number  of  teeth  by/'. 

At  the  point  a  where  the  pitch  circle  cuts  C  draw  line  L, 
naking  an  angle  of  15°  with  the  horizontal  pitch  line,  and 
Iraw  the  base  circle  tangent  to  L. 


To  find  /:  Divide  360°  by  the  number  of  teeth:  the 
,aotient  will  be  the  number  of  degrees  in  the  arc/,  which 
i«v  be  laid  off  with  a  protractor.  Or  divide  the  number  of 
aches  in  the  circumference  of  the  pitch  circle  by  the  number 
I  testb;  the  quotient  will  be  the  pitch.    Or  divide  a  quadrant 
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of  the  :h  circle  with  the  hair-spring  divider  into  15  equal 
parts,  and  from  the  point  a  mark  every  fourth  division  for 
the  point  where  the  outhne  of  a  tooth  intersects  the  pitch 
circle.  Next  lay  off  the  thickness  of  the  tooth  equal  to  hall 
the  pitch  on  the  pitch  circle  of  the  wheel  and  the  pitch  line 
of  the  rack. 

Draw  the   addendum  line   of  the  wheel  with  a  radius 

=  f  +  .3,. 

The  root  line  of  the  awn  tangent  to  the  addeo- 

dum    line   of   the  whee  root   line   of  the  wheel  is 

tangent  to  the  addendum  le  rack. 

To  describe  the  involi  of  the  wheel-tooth :  Take  a. 

piece  of  tracing-paper  or  loid,  and  trace  upon  it  the 

straight  line  L,  and  make  ;  uncture  at  the  point  a  with 

a  needle.     Now  at  the   pomi  re  line  L  is  tangent  to  the 

base  line  stick  a  needle,  and  rotate  line  L  about  it  counter- 
clockwise until  it  intersects  the  base  line;  at  the  point  of  in- 
tersection stick  another  needle,  and,  removing  the  first  needle, 
adjust  the  tracing  until  the  line  L  becomes  tangent  to  the 
base  line  at  the  second  needle;  then  through  the  puncture  a 
in  the  tracing,  with  a  4H  pencil  sharpened  to  a  conical  point 
mark  a  point  on  the  drawing-paper:  this  will  be  a  point  on 
the  curve.  Continue  to  find  similar  points  until  a  sufficient 
number  has  been  found  to  form  the  addendum  of  the  tooth. 

It  will  be  seen  by  the  figure  that  the  involute  curve 
forming  the  addendum  of  the  tooth  extends  below  the  pitch 
line  to  the  base  line;  this  part  of  the  curve  is  generated  in  a 
similar  way  to  the  part  above  the  pitch  line,  except  that  the 
generating  line  L  must  be  rotated  in  the  opposite  direction. 
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The  addendum  lines  of  the  other  teeth  may  be  traced 
om  the  one  just  found. 

The  rim  of  the  rack,  according  to  Reuleaux,  should  not 
•  less  than  d  in  thickness,  =  .4/+  .125.  Unwin  gives 
1.8/ ;   Low  &  Bevis  give  .47/.     Use  Unwin's  proportion. 

When  the  curves  have  been  carefully  pencilled  as  above, 
ley  may  be  inked  in  with  arcs  of  circles  computed  by  means 
:  the  following  odontograph  table,  taken  from  Geo.  B. 
rant's  "  Handbook  on  the  Teeth  of  Gears** : 


ODONTOGRAPH   TABLE— INVOLUTE  TEETH. 

CORRECTED   FOR  INTERFERENCE,   INTERCHANGEABLE  SET. 


Divide  by  the  Diametral 
Pitch. 

Multiply  by  the  Circular 
Pitch. 

Teeth. 

Face  Radius. 

Flank  Radius. 

Face  Radius. 

Flank  Radius. 

13 

a. 51 

.96 

.80 

•31 

13 

2.63 

1.09 

-83 

•34 

14 

2.72 

1.22 

.87 

.39 

IS 

2.82 

1.34 

-90 

.43 

16 

2.92 

1.46 

•93 

.47 

17 

3.02 

1.58 

.96 

•50 

18 

3.12 

1.69 

-99 

.54 

19 

3.22 

1-79 

1.03 

.57 

90 

3.32 

1.89 

1.06 

.60 

91 

3-41 

1.98 

1.09 

.63 

99 

3-49 

2.06 

I. II 

.66 

n 

3-57 

2.15 

1. 13 

.69 

*5 

3-71 

2-33 

1. 18 

.74 

98 

3-92 

2.59 

I-2S 

.82 

31 

4-13 

2.85 

I-3I 

.91 

34 

4.33 

3-09 

1.38 

.99 

38-40 

4.20 

1-34 

4*-45 

4.63 

1.48 

5»-<So 
61-70 

5.74 

2.07 

7.72 

2.46 

71-^ 

9.78 

3-" 

91-^90  • 

13.38 

4.26 

t9i-i8o 

31.62 

6.88 

iSz'-jdo 
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For   any  intermediate   number   of   teeth    proportional! 
intermediate  values  can  easily  be  found  by  calculation. 
Example, — A  gear-wheel  has  30  teeth,  and  the  neare 

number  of  teeth  in  the  table  is  31 ;  then  -—^ ^  =  5.0 

31 

the  number  to  be  divided  by/'  (1.25),  making  the  true  fa 
radius  =  4i"  nearly. 

The  flank  of  the  tooth  is  radial,  and  it  is  joined  to  the  ri 
with  a  fillet  whose  radius  is  equal  to  the  clearance. 

A  special  rule  is  provided  for  the  rack-teeth :  the  flai 
and  one  half  the  face  is  a  straight  line  drawn  at  right  angl 
to  line  L\  the  other  half  of  the  face  is  a  circular-arc  cent 
on  the  pitch  line  and  a  radius  found  by  dividing  2.10"  by/ 

This  rounding  of  the  point  of  the  rack-tooth  is  necessa 
when  it  is  to  mesh  with  a  pinion  having  less  than  28  teeth. 

The  following  tables  \yill  be  found  convenient  for  comp; 
ing  the  diametral  pitch  with  the  circular  pitch;  they  i 
from  Grant's  **  Teeth  of  Gears**: 


Cir. 

Diam. 

I'ltih. 

Pilch. 

6 

.^2 

5i 

.53 

5 

.63 

4i 

.70 

4 

.78 

3i 

.90 

3 

1.05 

2j 

I-I5 

2J 

1.25 

A 

1.40 

2 

>J 

i.ho 

1} 

2.10 

li 

2.50 

I 

3.14 

J 

4.20 

1 

6. 28 

Dtatn. 

Cir. 

Pitch. 

Pitch. 

i 

6.28 

! 

4.20 

I 

3- 14 

ij 

2.50 

I* 

2.10 

ij 

1.80 

2 

1.57 

A 

1.25 

3 

1.05 

3i 

.90 

4 

.78 

5 

.63 

0 

.52 

7 

.45 

8 

•39 

9 

.35 

TO 

.31 
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Exercise  91.  (Fig.  184.) — To  construct  the  teeth  for  a 
spur-gear  wheel  and  pinion  ;  wheel  to  have  40  and  the  pinion 
12  teeth.    /' =  2.10.     Walker  system,  non-interchangeable. 


Fig.  184. 

The  curves  of  the  teeth  are  epicycloids  and  epitrochoids, 
and  are  found  by  rolling  the  pitch  circles  on  each  other  as 
follows:  For  the  addendum  of  the  wheel-teeth  draw  arc -^4 
on  a  piece  of  tracing-paper  or  celluloid,  and  place  it  over  the 
drawing  tangent  to  arc  B  at  the  point  a.  Through  the 
point  a  on  the  celluloid  make  a  puncture  with  a  needle,  and 
while  holding  the  needle  at  a  rotate  the  celluloid  a  small 
distance  to  the  right  until  arc  A  intersects  arc  B,  At  the 
point  of  intersection  place  another  needle,  and,  removing  the 
first  needle,  adjust  the  celluloid  so  as  to  make  arc  A  tangent 
to  arc  B  at  the  second  needle,  and  through  the  puncture 
mark  a  point  with  the  pencil;  this  will  be  a  point  in  the 
curve  of  the  face  edge.  Other  points  may  be  found  in  a 
similar  way  to  complete  the  curves  required. 

For  the  face  edge  of  the  pinion-tooth  roll  arc  B  on  arc  A^ 
and  the  point  a  will  describe  the  curve  ab. 


368 
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To  draw  the  fiank  of  the  n-hcel-tootb :  Wlien  arc  A  i 
the  celluloid  Ls  tangent  to  arc  B  at  a,  trace  curve  ab  i 
celluloid  and  make  a  puncture  through  b\  then  roll  arc  A  to 


the  Lett  on  B,  and  point  b  will  describe  the  flank  of  the  tooth. 
The  flank  of  the  pinion-tooth  is  then  found  by  rolling  axcB. 
on  arc  A,  when  the  point  b'  will  describe  the  curve. 


1 
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Exercise  92.  (Fig.  185.) — Draw  the  half  elevation, 
HALF  PLAN,  and  HALF  SECTIONAL  PLAN  of  a  spuf-gear  wheel 
und  pinion  ;  the  wheel  to  have  60  and  the  pinion   15  teeth. 

P'  =  2.5. 

Draw  all  the  teeth  in  one  quadrant  of  the  elevation, 
involute  system.  Fig  185  is  the  drawing  of  a  spur-gear 
^vheiel  made  by  Messrs.  Robert  Poole  &  Sons  of  Baltimore, 
Md.,  and  presented  to  Sibley  College  for  use  as  a  model  in 
the  drafting-room. 

Exercise  93.     (Fig.  186.) — Draw  elevation,  cross-SEC- 

.  TION,  and  PLAN  of  a  bevel- ^ear  wheel  and  pinion.     The  axes 

are   to   be  at  right  angles  to  each  other,  and  the  wheel  is  to 

have   50  and  the  pinion  24  teeth.     /'  =  2.10.     Radial  flank 

system,  non- interchangeable. 

Draw  centre  lines  C  and  C  at  right  angles  to  each  other, 
find  the  radii  of  the  pitch  circles,  and  draw  D  and  D'  at  the 
proper  distance  from  the  axes.  Draw  E  and  E'  at  right 
angles  to  each  other.  F  and  F'  are  the  developed  pitch 
circles  on  which  the  teeth  are  drawn,  the  same  as  if  they  were 
for  spur  gears.  And  since  the  flanks  are  radial,  the  rolling 
circles  A  and  B  used  to  generate  the  face  curves  of  the  teeth 
are  equal  in  diameter  to  the  radius  R  and  R  of  the  developed 
pitch  circles  of  the  pinion  and  wheel  respectively. 

A  model  of  this  wheel  will  be  found  in  the  drafting-room 

for  use  in  connection  with  this  problem. 

.        Exercise  94.     (Fig.    187.)  —  Construct  a  worm-wheel  and 

I   warm;  the  wheel  to  have  50  teeth,  and  the  worm-teeth  to  be 

p^4ra3vn  like  those  of  the  involute  rack ;  that  is,  the  face  edge 

I     will  be  drawn  at  right  angles  to  line  Z,  when  line  L  makes 


•    / 
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the  angle  of  15°  with  the  horizontal  pitch  line  H,  as  shown 
by  the  longitudinal  cross-section  in  Fig.  187. 

Th^'  teeth  of  the  wheel  arc  made  by  a  cutter  similar  to 


the  worm,  except  that  grooves  arc  cut  in  the  threads  paa^Tlel 
to  the  axis,  and  the  material   is  hardened  steel.     The  worm 
itself  is  usually  made  of  cast  iron,  but  is  sometimes  made  of       * 
wrought  iron  or  malleable  cast  iron. 


a 
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The  horizontal  pitch  line  should  be  so  placed  as  to  bisect 
the  cross-sectional  area  of  the  wheel-tooth  at  ct;-  otherwise 
the  proportions  01  the  teeth  may  be  the  same  as  those  used 
for  wheel  and  rack. 


-',     /■ 


Fto.  1S7. 


Exercise  95.  (Fig.  188,)  —  Design  a  cast-iron  gear-wheel 
giziCH  the  pitch-circle  diavteter  51",  revolutions  per  mit^t^  90, 
horse-pomer  transmitteer2^o. 

First  find  the  whole  pressure  of  one  wheel  on  thfc  other 

=  /»=^^— ;(P'=.oo8;3ffA^=. 00873  X  25.5  X  90;)  then 

find^e  circular  pitch /^  =  .044^  VP.  , 

The  number  of  teeth  can  now  be  found  by  multiplying 

-  the  diameter  of  the  pitch  circle  D'  X  3. 1416,  and  dividing  by 

51  )^3.i4i6 


:  the  nearest  efe»  number. 


Let  T  represent  tl'e  number  of  teeth :  llien   the  velocit] 
of  the  pitch  line  may  be  txpressed  as  follows: 


I 


pTN 
12  X  l6' 


le  pressure  on  the  teeth  is 


S50  X  12  X  60  X  //  ^         H 

-.   jyj^ =   396000- 
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Taking  the  width  of  the  teeth  into  consideration,  let 
/  =  .36/  for  iron  teeth  when  worn, 

=  .45/  for  wood  teeth  when  worn ; 
A  =  .7/  for  iron  teeth, 

=  .6/  for  wood  teeth ;  then 

P=  .046^// for  iron  teeth, 
=  .084^//  for  wood  teeth ; 

and  /  =  i\\/j  ^P  when  b  =  width  of  tooth  =  from  2  to  4/, 
and  in  practice 

k^  =  ,0707  for  iron  wheels, 
=  .0848  for  mortise  wheels. 

When  b  =  2.5/,  Un win  gives/  =  .0447  V^ 


.      Low  &  Bevis  give  /  =  kI  - 


ooT' 


The  dimensions  of  the  teeth  may  be  determined  from 
the  proportions  already  given :  b  =  the  breadth  of  face 
s=  2j^»  etc. 

As  the  shaft  for  this  wheel  would  probably  have  to  resist 
a  combined  twisting  and  bending  action,  we  can  assume  the 
diameter  of  the  shaft  to  be  6",  and  the  wheel  fit  f\ 

The  width  and  breadth  of  the  arms,  the  thickness  of  the 
rim,  and  the  thickness  and  length  of  the  hub,  etc.,  can  be 
ttuSty  determined  by  the  proportions  given  in  the  following 
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Art       if  Gear  Wheels. — The  usual  shapes  of  arm  cross 

sections  are  shown  in  Figs.  189  to  192.     Fig,    189   is  mosCl; 

Fig.  iSg,  used  for  pulleys  and  light  wheels;   Fig, 

191    shows  another  section  that  is  com- 

I  monly  used  in  light  spur  wheels,  that  id 

Fig.  igo     |^    j        Fig.    192   for  heavy  spur  gears,  and  that 

g.  189  for  bevel  gears. 

/Iipn   /t  =  .48^  =  the   thickness  oi 

.- ,  Jnwin  gives  h  =  ^^t'iS, 

'    ■  V« 

\> — y  J  Ni      "'  'he   centre   of    the  wheel. 

*  T,  12"  on   each  side    toward 

=  the  number  of  arms;  R  = 

the  wheel;  b  =  the  width     , 

feathers,  which    may  be  =     > 

of  the  teeth  as  shown  at  i 

in  Fig.  193,  or  f  the  breadth  of  the  teeth 

ured  at  the  centre  of  the  shaft  and 

from  I  to  \l  at  the  rim. 

s  or  feathers  B  do  not  add 

'■  much   to   the  resistance  of  the  arms  to 

bending   in  the  direction  of  the  driving 

force,  but  they  arc  necessary  to  give  lateral  stiffness  to  the 

anus.     Unwin    gives    B^  .3^.       The    feathers   should    be 

tapered   to   faciiit.ite  the    removal  of  the  pattern   from   the 

Mnd. 

To  determine  the  number  of  arms  in  a  wheel.  Low  &  Bevis 

t;ive     ,  +  4.     The  nearest  number  divisible  by  2  sliould  be 


J,  I  tnc 
_J  of 
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Unwin  gives  four  arms  for  wheels  not  over  4  ft.  in 
diameter*  six  arms  for  wheels  of  from  4  to  8  ft.  in  diameter, 
and  eight  arms  for  wheels  from  8  to  16  ft.  in  diameter. 

Rims  of  Gear  Wheels. — The  usual  rim  sections  are 
shown  in  Figs.  193  to  204.  The  section  shown  in  Fig.  193 
is  commonly  used  in  light  wheels. 

The  following  proportions  agree  closely  with  most  au- 
thorities on  the  subject:  d  =  the  thickness  of  the  rim  at  the 
edge  =  .48/.  The  other  proportions  are  shown  in  the 
figures. 

In  the  rims  for  bevel  gears  shown  in  Figs.  198  to  200 
the  thickest  part  of  the  rim  should  be  ^d. 

Figs.  201  and  202  show  examples  of  mortise  gears  for 


Fig.  193. 


Fig.  194. 

U b  —A 


Fig.  195. 

'  —  b  -- .1 


Fig.  197. 


Fig.  198. 


Fig.  196. 


Fig.  199. 


spur  and  bevel  wheels  respectively;  the  mortise  teeth  are 
fixed  either  by  wood  keys  as  shown  in  Fig.  201,  or  by 
round  iron  pins  as  shown  in  Fig.  202.  The  proportions 
given  in  the  figures  agree  closely  with  good  practice. 
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Shrt  tgr- — When  the  rim  of  a  wheel  is  wider  than  the 

teeth  and  extends  towards  the  point  so  as  to  form  an  annular 
ring  uniting  the  ends  of  the  teeth,  the  teeth  are  said  to  be 
shrouded.  Figs.  303  and  204  give  two  examples  of  shrouded 
teeth.  By  shrouding  out  to  the  pitch  circle  as  shown  in 
Fig.  203.  teeth  which  arc  no  thicker  at  the  root  tlian  at  tht 
pitch  circle  can  be  strengtheacd  about  100  per  cent.  In  the 
pinion  of  a  pair  of  gear  wheels  the  shrouding  may  extend  to 
the  points  of  the  teeth  in  Fig.  2041  this  compen- 

sates for  the  weak  form  h  in  very  small  wheels,  and 

prevents  their  failarc  from  re  wear. 


no. 


Hubs    of   Gear    Wheels. — Figs.  205,  306.  and  207  give 

ex.imples   of   hub?   to  correspond   to   the  examples  of  arms 
shown  ill  Figs.  iSo.   191.  ami  19;.  respectively. 

The  thickness  of  metal   surrounding  the  bore  of  a  gear 
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wheel  is  given  by  Reuleaux  =,  w  =  ,4^  -{-  .4"  (when  h  =  the 
width  o(  the  arm  measured  at  the  centre  of  the  wheel).  The 
keyway  should  be  cut  the  full  length  of  the  hub,  and  the 
metal  reinforced  over  the  keyway  if  the  wheel  is  in- 
tended for  heavy  duty.  In  large  wheels  the  hubs  are 
sometimes   strengthened    by  wrought-iron    rings   shrunk   on 

both  ends;  the  thickness  is  made  =  — ,  and  the  thickness  of 
2 

the  metal  under  the  rings  is  |w.     b  =  width  of  teeth. 


In  heavy  wheels  with  a  large  an:iount  of  metal  surround- 
ing the  bore,  the  hub  is  sometimes  slotted  across  between 
the  arms  to  give  relief  from  initial. strains  due  to  unequal 
contraction  in  cooling;  these  slots  are  then  filled  with  metal 
strips,  and  the  divided  hub  is  held  firmly  together  by  the  iron 
or  iteel  -Ang  referred  to  above. 


V^lt^'^^- 


CHAPTER  IX. 
VALVES.  COCKS.  AND  OIUCUPS. 
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for  regulating  the  flow  of  a 

ito  three  classes: — (i)  Flap- 
I  a  hinge;  (2)  lift-valves,  or 
to  the  seat ;  (3)  slide-valves. 
«at.  The  valve-face  is  that 
its  seat  when  closed, 
'oot-valves  are  used  to  hold 


ValTes.— .A 
fluid  through  an  o^ 

Prof.  Cnwio  di 
valves  or  those  whk 
those  which  rise  pe 
or  those  which  tnor* 
part  of  the  >-aU-e  in 

Foot  valve  and  Stn» 
the  water  in  long  suction-pipes;   otherwise  the  pump  would 
liavo  to  bo  chart^eil  evsn.-  time  before  starting. 

Yhc  >;r,ii;ier  prorcc:?  the  valve  from  being  choked  with 
st.MK--;  iT  ,>t!;cr  ?>'"ia*.  The  most  common  foot-valves  arc 
lu.i.ic  .'f  two  cist-iroTi  bo\e<,  called  the  valve-box  and  strainer, 
Iv'itc.!  ;v'i;cthcT-  by  il.iT^i;e?,  and  having  a  leather  clack-valve 
tH-t«fcn  thcni.  Yhc  lower  box  is  perforated  with  circular 
lu'U-  1  to  J  .ii.iincter.  anJ  is  called  the  strainer  or  snore- 
pu-.c.      In  sm.r.!  lov^t-vaives  the  suction  is  generally  screwed 


.  ll.C  to,.  ,■ 


.\\"  shows  a  vertical  section  and  three  half  plans  of  a 
■c  for  a  o  sLiction-pipe.  t'B  is  the  valve-box,  S  the 
A  is  the  valvc-scai.  B  main  valve,  and  C  an  auxiliary 
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talvc  oo  top  of  B.  This  st}-Ie  of  clack  is  called  a  relief  vt 
break  r^*"^  Hr.  Henry-  Teague,  of  Lincoln,  Englandt  n  •- 
paper  read  before  the  last,  of  M.  E.  of  England,  in  ll 
reported  having  used  a  15"  main  clack  «-ith  a  5"  sapple* 
mentaiy  clack  (or  the  purpose  of  reducing  the  very  great  con- 
cussion which  was  had  by  using  the  15'  dack  aJonc,  w-ith  tbc 
result  ttut  even  when  the  hand  or  the  ear  was  placed  oa  the 
dack'box  hardly  a  tremor  or  a  sound  was  perceptible,  /^b*^ 
the  entrance  to  the 

This  doublc-va[ve  s  almost  complete  freedom  1 

from  shocks  even  in  1,  and  therefore  works  vet}' 

quietly.  | 

The  main  valve,  nu        i  leather,  forms  the  joint  be- 

tween the  valve-box  ai  ler.     E  is  the  top  and  F  is 

tbe  bottom  valve-ptatc,  i...  >gether  with  f-inch  rivetS) 

and  an  opening  in  the  centre  .  al  to  an  area  of  about  one 
half  or  one  third  that  of  the  main  opening.  This  auxiliary 
opening  is  fitted  with  the  clack-valve  C  referred  to  above. 
It  has  an  upper  and  a  lower  valve-plate,  held  together 
with  the  bolt  H  and  fastened  to  the  main  valve  with  two 
screws  at  X.  in  plan  and  sectional  elevation. 

The  laps  L  should  be  made  one  tenth  of  the  diameter  of 
the  respective  valve-opc-nings. 

Exercise  96. — Make  drawings  of  foot-valve  and  strainer 
shown  in  Fig.  207,  and  also  an  outside  elevation  of  the  valve- 
box  and  strainer.      Scale  j"  =  i  foot. 

India-rubber  Valve. — This  valve  (Fig,  208)  consists  of  an 
india-rubber  disk  D,  a  brass  grating  or  seat  s,  and  a  perfo- 
rated brass  guard.  The  rubber  guard  and  valve  are  attached 
to  the  grating  by  a  stud-bolt  B.     The  purpose  of  the  guard 
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is  to  prevent  the  valve  from  rising  too  high.  The  perforations 
in  the  grating  should  not  be  large  enough  to  cause  much 
flexure  of  the  rubber  disk.  The  area  of  the  grating  should  be 
such  that  when  the  valve  is  closed  the  pressure  does  not  ex- 
ceed 40  lbs.  per  square  inch. 

The  thickness  of  the  india-rubber  disk  for  large  valves — 
i.e.,  valves  over  6"  in  diameter — in  condensers  and  pumps 
should  be  f "  to  J".  India-rubber  valves  are  not  good  for 
pressures  over  100  lbs.  per  square  inch. 

Exercise  97, — Make  a  complete  drawing  of  the  india-rubber 
valve  as  shown  in  Fig.  208.  Scale  full  size.  The  projection 
of  the  perforations  in  the  conical  guard  is  shown  in  Fig.  209. 

The  following  proportions  represent  good  practice.  Use 
the  nearest  ^V''*     Unit  =  .  19  4/^ 

a  =  diameter  of  india-rubber  disk  =  i5-5  of  unit. 

b  =  thickness  of  the  india-rubber  disk  =     1.6 

r  =  thickness  of  the  grating-lip  =    1.75 

d  =  diameter  of  the  valve. 

e  =  depth  of  seat-body  =    2.75 

/■=  diameter  of  stud-body  =    2.75 

^=  diameter  of  stud  =    1.75 

h  =  diameter  of  holding-down  bolt  =    1.25 

k  =  depth  of  grating  =    2.50 

/  =  thickness  of  grating-rib  =      .65 

iw=  width  of  seat-lip  =      .75 

n  =  diameter  of  guard  =  12.00 

Bzordse  98. — Make  a  complete  drawing  of  an  india-rubber 
disk-valve  similar  to  Fig.  208.     d  =  10".     Scale  p"  =  i  foot. 


VALVES.    COCKS,   AND    OIL-CUPS.  28$ 

Lift-  or  Wing-valves  (Fig.  210). — These  valves  are  usu- 
ally made  of  brass.  The  essential  features  are  a  circular  disk 
and  seat.  The  edges  between  the  disk  and  seat  are  bevelled 
to  the  angle  of  45**,  and  are  easily  fitted  and  ground  together. 
Springs  or  rods  are  used  to  close  these  valves  when  it  is  neces- 
sary to  place  them  in  a  horizontal  position.  To  give  the  valve 
a  partial  rotation  and  provide  a  new  seating  at  each  stroke  the 
wings  are  curved  slightly,  as  shown  at  Fig.  211.     The  curving 

f 

is  arbitrary,  and  may  be  projected  as  shown  in  the  figure. 
The  outside  of  the  seat  has  usually  a  taper  of  \'*  in  \2'\  but 
is  sometimes  driven  straight.  The  amount  of  the  lift  of 
the  valve  may  be  determined  as  follows : 


Let 


a  =  area  of  opening  in  seat ; 

d  =  diameter  of  opening  in  seat; 

L  =  lift  of  valve. 


Then 


a  =  .7854^'  and  L  =  .35^, (i) 

Taking  a  unit  of  proportion  =  .2  Vrf^then 

r  =  thickness  of  disk  =  1.3 ; 

/  =  length  of  wings  =  8 ; 

t  =  thickness  of  seat  =  i  at  small  end. 

Exercise  99. — Draw  the  valve  as  shown  in  Fig.  210  to  the 
dimenaions  given.     Scale  full  size . 

£l3cerd8e  xoo. — Make  drawing  of  the  curved  wing-valve  as 
shown  in  Fig.  211.     Scale  full  size. 

SfliniUe-vaives  (Fig.  212). — These  valves  are  guided  cen- 
tnllf  by  means  of  a  spindle  and  bridge ;  otherwise  they  are 
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simUar  to  the  iring-valve.  but  used  for  light  work  in  pumps. 
The  wing-valTC  aitd  the  ^ndle-valve  are  sometimes  made  with 
a  flat  seat  and  a  leather  face  and  also  used  for  light  duty  in 
pumps,  but  have  ao  advantage  over  the  bevelled  metal  edges. 
Let  JI'(FigJ  io)=the  width  of  the  bearing-edgcs  measured 
perpendiculariy  to  the  axis  o(  the  valve,  /  =  the  maximum  dif- 

/     _ 
vdX 

the  crushb^  pressure  per  square  inch  on  the  narrow  bevelled 
edges  of  the  valve  and  seat. 

The  greatest  safe  pressure  per  square  inch  for  phosphor- 
bronze  is  3000  lbs.;  for  gun-metal,  2000  lbs.;  cast  iron, 
1000  lbs. :  and  leather  and  india-rubber.  700  lbs. 

Kzerctse  101. — Make  drawings  of  the  spindle  and  valve  as 
shown  in  Fig.  313.     Scale  fuU sise. 

Ball-valTes  (Fig.  :;i3'i. — These  valves  are  much  used  in 
deep  well-pumps  and  small  fast-running  pumps.  To  guide 
the  lift  of  the  ball  it  is  surrounded  by  a  cage  with  three  or 
The  Txhi  should  be  as  narrow  as  safety  will  per- 
not  to  interfere  with  the  free  flow  of  the  fluid  above 
. se.it.  Gun-metal  is  the  best  material  for  the  balls, 
ti  them  they  should  be  made  hollow. 
u^u.il     proportions    for    the     ball-valves    are   given 

Unit  =  .2  t'rf. 

.  -  di.uiietiT  of  ball  =  1. 34//. 

.z.  in-ii.If  lii.imeicr  of  seat-casing  =  \.\2d. 

-  tliKkTicss  of  b.ill-guide  =  ,g  times  unit. 

ilist.mce  between  guides  =■  a-\-  ■^' . 


Urn 

r  ribs 

mit 

.  so  .1 

the 

v.dvc 

1\> 

h-lit. 

U-\ 
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f 

g 

h 
k 
I 
t 


length  of  seat-shank 
thickness  of  seat-flange 


lift  of  valve 
thickness  of  ball-shell 


=  3  times  unit. 
=  I  •' 

=  1.2        " 
=  1.8       " 
=    .\6d  " 
=  1.2       " 


These  valves  work  best  with  a  small  lift.  William  M.  Barr 
says  that  the  lift  of  ball-valves  should  not  exceed  J". 

Exercise  102. — Make  drawings  similar. to  those  shown  in 
Fig.  213.     rf^=  li".     Scale  i\  full  size. 

Flat  India-rubber  Disk-valves. — Fig.  2 14  shows  an  ordi- 
nary example  of  this  style  of  valve  for  cold  water.  The 
valve-seat  and  spindle  are  cast  in  one  piece.  The  spindle  is 
turned  and  polished,  and  the  hole  in  the  india-rubber  disk  is 
t*«  larger  than  the  diameter  of  the  spindle.  This  allows  free 
action  of  the  valve.  The  valvc-seat  is  screwed  into  place  with 
a  pitch  of  eight  threads  to  the  inch,  which  may  be  maintained 
for  ;ill  sizes  up  t(^  4.\''  diameter.  Mr.  \V.  M.  Barr  gives  the 
followinii  dimension^  for  india-rubber  valves: 


TAHI.K   3") 

— 

Diaineier. 

ThickncM. 

3" 

Hole. 

0" 

4" 

H 

2\" 

7  " 

V 

3" 

\" 

A" 

-.  1" 

.'." 

J" 

-li 

A 

4" 

4 

T* 

4l' 

\" 

» 

5" 

X' 

h" 

Springs  give  good  results  if  made  with  No.  12  brass  wire 
for  2"  and  2^"  valves;  No.  10   wire  for   3"  and  3^"  valves* 


(  DtA  WIX6  AMD 

I  K«.  S  £er  4 '  aad  4^  valves.     Hic  outsde  dfameter  of  tlic 
m^  ■■T  te  =  -S  ^t^  of  tbc  valvenltsk.     Five  to  sol  coSs 
e  eUstictty. 
-Main  dnwings  for  tbc  tndta-twliiier  ftas-<lisk 
t  in  F^.  214.  to  tbc  dtmensjoos  gnm.     j^wb 


-Tlwae  valves  are  opened  and  dosed  bjr 
ihc  is  Fi£.  2 14  is  for  steam.  Wlien  soch  a  valve 
dU  water  the  valve-face  is  oiade  o(  leather  or 
sad  when    foe  bot  water   the   india-rubber  ts 


Tfec  cuajtfwction  of  the  valve  is  so  pUtnly  shown  in  Fig. 
;t5  tfac  a  Jcsoipticm  seems  unnecessary. 

■bbcm  ■•< — Make  drawings  of  globe-\-a]ve  as  shown  in 
F%.  215.  aad  also  a  right-end  elevation.     Stale  full  sixe. 

Stop-valve  (Fig.  216). — This  is  another  style  of  lift-valve 
conrroi^e-i  by  hand.  The  particular  valve  sho«-n  in  the  figure 
is  iSJvi  as  a  thro: tie- valve  by  the  Ball  Engine  Co.,  who  kindly 


t  =  thickness  of  casing; 
/  =  pressure  in  lbs,  per  square  inch; 
1/=  diameter  of  the  sphere  in  inches; 
/  =  safe  bursting  strengthof  material. 

Take  rooo  for  cast  iron  and  17,500  for  yellow  brass,  and 
«se  i  uctor  of  >afelv  8.  which  gives  2500  for  the  former 
ATbJ  aSK-ut  :--00  for  the  latter;   then 


4/' 


(^) 


k 


.-S^ 
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The  lift  of  the  valve  may  be  determined  by  formula  (i) 
3r  winged  lift-valves.  The  valve  and  its  seat  must  pass 
hrough  the  valve-chest,  so  the  opening  should  be  made  about 
:"  larger  than  the  outside  diameter  of  the  valve-seat. 

The  length  of  the  thread  on  the  valve-stem  is  equal  to 
:hc  length  of  the  nut  -|-  lift  of  valve  -|-  i"  for  clearance. 
*  Exercise  105. — Make  drawings  of  the  stop-valve  as  shown 
n  Fig.  2i6.  .  Scale  4!'  =  i  foot. 

Make  the  diameter  of  the  inlet  6f  to  the  root  of  the 
Iiread,  instead  o^6"  as  shown  in  the  figure. 

Boiler  Check-valve. — Fig.  2 1 7  shows  working  drawings  of 
le  Foster  Safety  Boiler-check. 

Exercise  106. — Make  drawing  of  the  Foster  Boiler-check 
&  shown  in  Fig.  217.     Scale,  full  size. 

Cocks. — Cocks  are  valves  which  operate  with  a  rotary 
kotix>n.  The  most  common  style  of  cock  is  that  which  con- 
^sts  of  a  plug  made  in  the  form  of  a  truncated  cone  rotating 
I  a  seat  of  the  same  shape  cast  on  a  pipe. 

In  Fig.  218  /*  is  the  plug,  and  C  the  casing  or  conical  seat. 
>  is  the  opening  through  the  plug.  By  rotating  the  plug  in 
nc  direction  the  openings  are  brought  in  line  with  the  inlet 
!  and  outlet  B  of  the  pipe  or  casing.  In  this  position  the 
>ck  is  open.  Further  rotation  through  90°  in  either  direction 
ill  bring  the  openings  in  the  plug  opposite  the  solid  parts  of 
le  casing  and  close  the  valve. 

Exercise  107. — Make  drawings  of  the  blow-off  zoo^  shown 
I  Fig.  218,  and  in  addition  to  the  views  given  make  a  half 
actional  plan  and  half  sectional  end  view.     Scale,  full  size. 

In  Fig.  219  is  shown  a  blow-off  cock  which  13  really  a 
nng'Valvey  opened  and  closed  by  a  piston  which  in  turn  is  op- 
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;rated  by  means  of  compressed  air.  The  wing-valve  V\&  held 
>n  its  seat  by  the  steam- pressure  in  the  boiler.  When  com- 
>ressed  air  is  introduced  into  the  cylinder  C  through  the  pipe 
°  the  piston  is  pushed  against  the  valve,  opening  it  and  allow* 


ig  the  contents  of  the  boiler  to  blow  through  the  cock  into 
he  discharge-pipe  D. 

Exercise  108. — Make  complete  drawings  as  shown  in  Fig. 
19.     Scale,  full  size. 

Oil-cups. — There  are  many  forms  of  oil-cups.     Figs.  220 
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to  225  inclusive  show  the  construction  of  some  of  the  oil-cupi 
used  in  the  locomotives  of  the  Lehigh  .Valley  Railway. 

Fig.  220  is  one  of  the  simplest  forms  of  oil-cups.    The 
material  is  brass,  cast  in  one  piece.     When  charged,  the  reser- 


voir is  filled  with  waste  and   oil.     This  cup  is  used  on  the 
link-hanger. 

Fi<j.  221  shows  another  simple  form  of  oil-cup,  used  tw  oil 
the  rocker-box  and  cross-head. 
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main  rod  on  cross-head.  It  will  be  seen  that  in  this  case  the 
flow  of  the  oil  is  also  mechanically  controlled. 

Fig.  22$  is  a  form  of  cup  used  on  the  guides.  The  flov 
of  the  oil  is  in  this  case  also  regulated  by  the  raising  or  the 
lowering  of  the  spindle  by  hand. 

Exercise  109.— Make  drawings,  as  directed  by  the  in- 
structor, of  one  or  more  of  the  oil-cups  illustrated  in  Figs. 
220  to  22  5  when  it  is  desired  to  fill  unoccupied  space  on  draw- 
ing-paper.    ScttU,  full  sixe. 


CHAPTER  X. 

ENGINE  DETAILS. 

The  Plain  Slide-valve — The  construction  of  all  slide- 
valves  must  be  such  as  to  satisfactorily  meet  the  following  re- 
quirements: 

1 .  To  admit  steam  to  one  end  only  of  the  cylinder  at  a 
time ; 

2.  To  allow  the  steam  in  the  cylinder  to  escape  from  one 
end  at  least  as  soon  as  steam  is  admitted  at  the  other  end ; 

3.  To  prevent  steam  from  entering  the  exhaust-port  from 
the  steam-chest. 

During  one  revolution  of  the  crank  there  are  four  princi- 
pal points  reached  and  passed  by  the  valve  in  the  course  of 
Its  travel: 

1.  The  point  of  admissio7i,  when  steam  begins  to  enter  the 
cylinder.     (See  Fig.  236,  Plate  I.) 

2.  The/^i«/  of  cut-off ,  when  steam  is  prevented  from  en- 
,  tering  the  cylinder.     (See  Fig.  233,  Plate  I.) 

3.  The  point  of  exhaust,  when  steam  is  released  from  the 
cylinder.     (Fig.  235,  Plate  I.) 

4.  The  point  of  compression^  when  the  exhaust  is  closed* 

(Fig.  234,  Plate  I.) 
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In  Fig.  2z6  is  given  a  longitudinal  section  of  a  plane  sliitt*  \ 
valve,  and  also  of  the  valve-seat  5  of  the  cylinder.  The  valK  | 
is  shown  in  its  central  position,  Xand  Kare  the  steam-porti  1 
and  Z  the  exhaust-port.  The  valve-face  is  the  under  side  of  j 
the  valve  with  a  length  equal  to  F=  7J"  -\-  zL. 

Outside  Lap,  or  simply  lap  is  the  darkened  portion  L^\ 


the  valve  wiiicli  overlaps  the  steam-port  when  the  valve  is  in 
its  central  position.  Lap  has  no  effect  on  compression  or 
exhaust,  but  it  hastens  the  cut-off,  prolongs  expansion,  and 
shortens  the  time  the  port  is  open. 

Inside  Lap.  the  smaller  darkened  portion  /  which  over- 
laps the  bridge  between  the  steam-  and  exhaust-ports,  pro- 
longs expansion,  hastens  and  increases  compression,  retards 
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the   exhaust,  but  does  not  affect  the  admission  or  point  of 
cut-off. 

The  Travel  of  the  valve  is  equal  to  twice  the  total  dis- 
tance it  moves  from  its  central  position  in  either  direction ;  or 
if  the  arms  of  the  rocker  are  of  equal  lengths,  then  the  travel  of 
the  valve  is  equal  to  twice  the  eccentricity  of  the  eccentric. 
(See  **  Eccentric  and  Straps.")  It  is  also  equal  to  twice  the 
sum  of  the  width  of  the  steam-port  and  lap  plus  the  over- 
travel  if  any. 

The  Lead  Angle  is  the  angle  made  by  the  centre-line  of 
the  crank  with  the  centre-line  of  motion  of  the  engine  when 
the  crank  is  at  the  point  of  admission.  (See  Fig.  236,  Plate  I.) 

The  Lead  is  the  amount  which  the  valve  has  opened  the 
steam-port  at  the  beginning  of  the  stroke.  (See  Fig.  231, 
Plate  I.)  To  obtain  smooth  running,  increased  speed  should 
have  increased  lead,  and  when  the  lead  is  increased  every 
operation  of  the  valve  is  quickened. 

The  Angle  of  Advance  of  the  eccentric  is  the  number  of 
degrees  which  the  centre-line  of  the  eccentric  is  over  90** 
ahead  of  the  centre-line  of  the  crank  without  a  rocker,  and 
with  a  rocker  it  is  the  number  of  degrees  short  of  90°  behind 
the  crank.  The  first  case  is  illustrated  in  the  diagram  in 
Plate  II,  as  follows:  Let  AO  he  the  centre  of  the  crank,  CO 
a  line  90**  ahead  of  it,  and  0£  the  centre-line  of  the  eccentric. 
Then  COE  is  the  angle  over  90®  ahead  of  the  crank,  and  is 
therefore  the  angle  of  advance.  For  the  case  with  a  rocker 
let  AO  he  the  centre  of  the  crank  as  before,  and  OD  a  line 
90®  behind  it,  and  OF  the  centre-line  of  the  eccentric.  Then 
the  angle  DOFls  the  angle  short  of  90°  behind  the  crank,  and 
is  therefore  the  angle  of  advance. 
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Inside  CUaranct  is  the  opposite  of  inside  lap,  instead 
of  the  valve  overlapping  the  bridge  when  on  the  centre;  as 
shown  at  /  in  Fig.  226,  it  shows  a  clearance  between  the  in> 
side  edge  of  the  valve  and  the  bridge.  Inside  clearance 
hastens  exhaust,  delays  compression,  but  has  no  effect  on  tfae 
cut-off  or  admission. 

Ovtrtravel  is  the  distance  the  steam  edge  of  the  vah« 
travels  after  fully  opening  the  port,  as  shown  in  Fig.  JJJ, 
Plate  I.  It  increases  the  sharpness  of  the  cut-off,  retards 
compression,  and  gives  a  later  release. 

Cylinder  Clearance  is  all  that  space  between  the  faces  of 
the  piston  and  the  valve  when  the  piston  is  at  the  beginning 
of  the  stroke. 

Piston  CUarance  is  the  distance  between  the  piston  and 
the  cylinder-head.  This  clearance  is  to  prevent  the  piston 
from  striking  either  cylinder-head  when  the  brasses  on  the 
connecting-rod  wear  and  cause  lost  motion. 

Point  of  Cut-off  is  the  point  on  the  crank-circle  which 
the  centre  of  the  crank  reaches  when  the  valve  cuts  off  the 
live  steam  from  the  cylinder,  and  for  the  remainder  of  the 
stroke  utilizes  the  expansive  power  of  the  steam.  (See  Fig. 
233,  Plate  I.) 

Compression  of  the  steam  follows  the  closing  of  the  ex- 
haust before  the  piston  has  completed  its  stroke.  This  is 
done  to  obtain  a  yielding  cushion  for  the  reciprocating  parts 
to  come  to  a  full  stop  without  shock  before  beginning  the 
return  stroke. 

Expansion  begins  at  the  point  of  cut-off  and  continues 
to  the   point    of  exhaust.     (See  Figs.   233    to  235  in  Plate 
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During  this  period  the  valve  travels  a  distance  equal  to  the 
outside  lap  plus  the  inside  lap. 

The  Allen-Richardson    Balance-valve. — This  is  one  of 

the  most  popular  combination  slide-valves  and  is  used  on 

locomotives,  stationary  and  large  marine  engines.      Fig,  227 

\  clearly  shows  the  different  parts  used  in  the  construction  of 

this  valve.     The  balance  is  effected  by  means  of  four  rect- 
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angular  packing-strips  6'  fitted  into  grooves  on  the  top  of  the 
valve.  Semi-elltptic  springs  ^are  used  to  hold  the  packing- 
strips  against  the  pressure>plate  P  when  there  is  no  steam  in 
the  chest,  but  when  steam  is  admitted  to  the  chest  it  forces 
the  strips  against  the  pressure- plate  and  sides  of  the  grooves, 
foiming  a  steam-tight  joint  and  preventing  the  steam  from 
acting  on  that  part  of  the  top  of  the  valve  enclosed  by  the 
four  packing-strips. 
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Exercise  no. — Make  drawings  as  shown  in  Fig.  227,  and 
also  a  half  plan  of  the  top.     Scale  8"  =^  i  foot, 

The  Allen  feature  of  this  valve  is  the  supplementary  port 
shown  at  A  just  above  the  exhaust-arch.  By  means  of  this 
additional  port  steam  is  admitted  to  the  same  steam-port  in 
tile  cylinder  from  both  sides  of  the  valve  at  the  same  tJnii;, 
thereby  increasiiijj  the  steam-supply  with  short  cut-offs.  The 
advantages  of  this  valve  over  the  plain  slide-valve  and  the 


objections  to  it  arc 
lowing   societies:    A, 
Western   Railway  Clul 
Association,  1S96;  and 
Chas.  McShane, 

•  The  American 
Balance  is  applied  to  any 
a  steam-tight  joint  being  I01 
under  side  of  the  steam-chest  cove. 


the  proceedings  of  the  (ol- 
vol.  20,  May  1899:  The 
S97;  Am.  Railway  M.  M. 
.ocomotive  up  to  Date"  by 

de-valve. —  The    American 

slide-valve.  It  consists  of 
between  the  valve  and  the 
excluding  live-steam 
pressure  from  a  given  area.  {Sec  Fig.  228.)  This  joint  is 
formed  by  a  bevelled  snap-ring  which,  when  in  place,  is 
slightly  expanded  over  a  cone.  The  cone  or  cones  are  either 
cast  with  the  valves  or  bolted  to  it,  as  circumstances  require. 
The  mechanical  construction  of  the  balance  is:  First,  the 
cone  or  two  cones,  where  necessity  requires,  are  either  bolted 
to  or  cast  with  the  valve.  The  snap-rings,  which  are  bevelled 
on  their  inner  side  to  a  corresponding  degree  with  that  of  the 
cone,  arc  bored  smaller  in  diameter  than  their  required  work- 
ing diameter  so  that,  by  their  being  forced  down  on  the  cone 
by  the  placing  of  the  steam-chest  cover  in  position,  the  rings 
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themselves  are  under  tension  and  are  thus  supported  by 
'heir  own  elasticity  when  not  under  steam.  The  steam  when 
^tliTiittcd  to  the  steam-chest  exerts  a  pressure  on  the  entire 
C'rcumferencc  of  the  ring,  which  has  a  tendency  to  close  it  or 
;  its  diameter,  and  owing  to  its  bevelled  face  and  the 
per  of  the  cone  the  steam  also  acts  to  lift  it.      Hy  careful 


lonsideration  of  the  operation  of  this  ring,  no\v  being  held  by 
"the  steam-pressure  tightly  against  the  face  of  the  cone,  it  will 
at  once  be  seen  that  all  lateral  wear  is  avoided,  and  the  ring 
moves  as  a  part  of  the  cone  or  valve  itself.  It  will  also  be 
noted  that  the  ring  is  absolutely  compelled  to  assume  its  work- 
ing position  by  the  pressure  on  its  circumference.  When 
is  shut  off  from  the  engine  and  the  engine  allowed  to 
IS  in  locomotives,  the  valve  is  free  to  leave  its  seat  until 
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the  cone  comes  in  contact  with  the  cover.  This  affords  pCT» 
feet  and  ample  relief  of  the  air  which  the  piston  is  forcing 
from  one  end  of  the  cylinder,  and  also  a  direct  communication 
with  the  other  end  of  the  cylinder,  in  which  a  vacuum  is 
being  formed.  The  cylinders  are  therefore  perfectly  relieved! 
by  allowing  the  valve  to  lift  y  off  its  seat. 

The  bevelled  feature  in  the  ring  renders  the  ring  setf-sid 
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porting  when  not  under  steam,  and  supported  by  the  sted 
pressure  when  under  steam,  automatic  adjustment  for  I 
wear,  positive  action  under  all  conditions,  and  sclf-maintainq 
the  steam-joint.  It  renders  it  possible  also  to  duplicate  t 
rings  of  respective  sizes  in  repairs. 

Owing  to  the  absence  of  lateral  wear  on  the  cones  1 
rings  can  be  duplicated  at  any  future  time.  The  greatest  a 
of  balance  can  be  secured  by  this  design,  because  it  is  lei 
affected  by  back  or  upward  pressure.     The  valve  in  c 
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leave  its  seat  must  first  expand  the  taper  ring  against  the 
chest-pressure  acting  on  its  circumference. 

'  The   features  enumerated   all    depend    upon   the   taper. 
Fig.  228  is  a  double-cone  balance-valve  used  on  locomo^ 
tives.  The  improved  T  ring,  the  invention  of  Mr.  J.  T.  Wilson^ 
is  clearly  shown  in  the  figure. 

» 

Fig.  229  is  a  single-cone  balance-valve  for  use  on  com* 
pound  stationary  engines.  A  double-cone  valve  of  this  kind 
is  in  use  on  the  Japanese  cruiser  ''  Chtose/'  the  rings  of  which 


Fig.  230. 

are  three  feet  ten  inches  in  diameter,  while  that  in  Fig.  229 
is  only  twenty  inches  diameter. 

Exercise  Xll. — Make  drawings  of  Fig.  230  as  shown. 
Scale  6''  =  i  foot. 

The  Bilgram  Diagram. — Among  the  many  diagrams 
devised  to  determine  quickly  and  accurately  the  position  of 
the  valve  for  any  position  of  the  crank,  that  due  to  Mr. 
Hugo  Bilgram  is  one  of  the  simplest  and  best. 
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In  Plate  I  let  AB  represent  the  valve  circle,  equal  in  di- 
^tixieter  to  the  travel  of  the  valve,  and  LI  the  centre-line  of 
^he  crank  rotating  in  the  direction  of  the  arrow.  From  B 
J^y  off  the  angle  EOB,  equal  to  the  angle  of  advance.  At  E 
describe  the  arc  bgk  with  a  radius  equal  to  the  inside  lap, 
^nd  also  the  arc  afd  with  a  radius  equal  to  the  outside  lap. 
Crank  positions  drawn  tangent  to  these  arcs  at  a^  by  kj  and  d 
>vill  give  the  points  of  cut-off,  compression,  release,  and  ad- 
niission  respectively,  as  indicated  in  the  figure. 

Let  us  follow  the  crank  through  one  revolution,  beginning 
mrith  the  dead-point  A,  In  this  position  de  is  equal  to  the 
outside  lead,  and  the  valve  has  moved  from  its  central  posi- 
tion a  distance  Ee  equal  to  the  lap  plus  the  lead.  These 
relations  are  clearly  shown  in  Fig.  231.  ^  gives  the  distance 
which  the  valve  has  travelled  from  its  central  position,  and  at 
X  the  left-hand  steam-port  is  shown  open  to  steam  an  amount 
equal  to  the  lead  when  the  piston  is  at  the  beginning  of  its 
forward  stroke,  and  the  eccentric  is  connected  directly  to  the 
valve,  i.e.,  without  a  rocker. 

When  the  crank  reaches  the  position  V  perpendicular  to 
OE  the  valve  will  have  travelled  from  its  central  position  a 
distance  equal  to  EO,  This  is  the  extreme  position  of  its 
•'crward  travel,  as  shown  in  Fig.  232.  The  maximum  open- 
ing of  t  '  oort  X  to  steam  is  equal  to  Of,  and  the  overtravel 
to  ifii    the  actual  width  of  the  steam-port  being  =  Om, 

As  the   crank   leaves  L*  the  valve  begins  to  return,  and 

when   the  crank   is  at  L*  the  distance  of  the  valve  from  its 

central  position  is  equal  to  the  lap  ab.     Port  X  is  now  closed 

to  steam,  and  cut-off  is  accomplished  as  shown  in  Fig.  233. 

When  the   crank  is   at  V  the    right-hand  steam-port  is 
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closed  to  exhaust,  and  compression  begins  as  shown  at  T, 
Fig.  234. 

When  the  crank  reaches  L'  the  valve  is  on  the  point  of 
opening  port  X,  Fig.  235,  to  release  the  steam  which  was 
under  compression  during  the  time  the  crank  moved  from 
V  to  Z.'.  At  crank  position  L  we  find,  as  shown  in  Fig.  236, 
that  the  valve  is  on  the  point  of  admitting  steam  to  port  Y, 
and  at  B  the  backward  stroke  of  the  piston  begins,  the  valve 
having  opened  the  port  an  amount  equal  to  the  lead  de,  equal 
to  the  opening  shown  at  ^in  Fig.  231. 

At  crank  position  /'  and  valve  position  Fig.  237  the 
valve  has  attained  its  maximum  travel  in  the  opposite  direction 
to  that  shown  in  Fig.  232.  At  /',  Fig.  238,  the  valve  cuts  off 
steam  from  port  K,  and  at  A  the  new  forward  stroke  begins. 


~90%Sln>fic-- 

Eiercise  II2 — (Fig.  239.) 

Given.  Required 

Travel =     5''-  Outside  lap. 

Angle  of  advance- .  ■   =  30°,  Inside  lap. 

Cut-off =  80*  of  stroke.  Outside  lead. 

Compression =  go!f  of  stroke.  Inside  lead. 

Width  of  steam-port  =     \\' .  Maximum  port  opening. 

Overt  ravel. 
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Draw  AB  and  CO  at  right  angles  to  one  another.     De- 
scribe the  valve-circle  arc  ACB  with  a  radius  equal  to  half 
the  travel  or  eccentricity  of  the  eccentric  =  2\''  to  the  scale 
^i  twice  full  size.     From  B  lay  off  the  angle  EOB  equal  to 
the  angle  of  advance  =  30^.     Let  AB  represent  the  stroke^ 
^d   from  A  lay  off  Al  =  80^  of  a  stroke  of  24^^  and  erect  a 
perpendicular  to  cut  the  valve  circle  in  /'.    Draw  OD  through 
^';    this  is  the  crank  position  at  the  point  of  cut-off.    Through 
^  perpendicular  to  OU  draw  Ea.     With  centre  E  and  radius 
Em,  describe  the  lap  circle  afd.     From  A  lay  off  A2  =  goj^  of 
th^   stroke,  and  erect  a  perpendicular  to  cut  the  valve  circle 
^t  6.     Through  b  draw  OD^  which  is  the  crank  position  at  the 
point  of  compression.     With  E  as  centre  and  Eb  as  radius 
describe  the  inside  lap  circle.     Draw  OD  tangent  to  bgk  at 
point  k. 

At  O  with  a  radius  =  the  port  opening  describe  the  arc 
h.  Then  Ea  is  the  required  lap,  Eb  the  inside  lap,  de  the 
lead,  ke  the  inside  lead.  Of  the  maximum  port-opening,  and 
4/ the  overtravel. 

Exercise  1x3. — (Fig.  240.) 

Given.  Required. 

Cut-off =  80^  of  stroke.       Travel  of  the  valve. 

Lap =     \" .  Angle  of  advance. 

Lead =    ^'. 

Draw  to  a  scale  equal  to  twice  full  size  AB  and  CO  at  right 
angles.  Draw  OU^  the  position  of  crank  at  cut-off.  Draw 
line  I  2  parallel  to  AB  at  a  distance  above  it  equal  to  the 
lead  id.  Draw  line  3  4  parallel  to  ^^  at  a  distance  equal  to 
the  lap  plus  the  lead  above  it.     With  a  radius  equal  to  the 
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given  lap  find  by  trial  a  centre  on  the  line  3  4,  and  drawthe  1 

lap  circle  afd  tangent  to  OU.  and  line  I  2  at  the  points «  1 

1  .,i 

L      ^ 

'--—-■^J,—. 

\          / 

y\.              \^ 

1         / 

A^^-j.  \ 

1        / 

/  -V"''^  \  / 

1       ^' 

/-^         e  ft 

■ 

^P                                                                    Fic. 

Then  through  E  with  centre  0  describe  the  valve  circle 

ACB. 

AB  is  the  travel  of  the  valve,  and  BOB  the  angle  c/ad- 

Vance. 

Fic.  241. 

Exercise  114 — (Fig.  241.) 

Given,  RL'»u.retS. 

Cut-off =  So;*  of  the  stroke-  Iravel  of  the  ualve 

Admission =  90^  of  the  stroke.  Lead. 

Maximum  port-opening  =  t?/ (Fig.  240).    Angle  oJ  Aijvsncft 
Lap 


i^„ 
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Draw  AB  and  CO  at  right  angles.  Draw  OL^  the  posi- 
tion of  the  crank  at  the  point  of  admission.  Draw  OD^  the 
crank  position  at  cut-off,  and  arc  /  with  a  radius  equal  to  the 
given  maximum  port-opening.  Bisect  the  angle  LOD  with 
the  line  OE,  The  centre,  of  the  lap-circle  will  be  on  this^ 
line.  Draw  fm  perpendicular  to  OV,  and  make  fn  =  fm. 
Through  /  draw/ii  parallel  to  nm,  and  aE  parallel  to  mf. 
£  is  the  centre  of  lap  circle.  Through  E  describe  the  valve 
circle  ACB,  and  draw  the  line  Ee  at  right  angles  to  AB, 

Then  AB  is  the  travel  of  the  valve,  Ea  the  lap,  BOE 
the  angle  of  advance^  and  de  the  lead. 


Fig.  24a. 

Exercise  lis* — (Fig.  242.) 

Given.  Required. 

Cut-ofi =  8oj<  of  the  stroke.  Angle  of  advance. 

Lead =    i".  Lap. 

Maximum  port-opening  =  0/(Fig.  240).    Travel  of  valve. 

Draw  AB  and  CO  at  right  angles.  Locate  the  crank 
position  OV.  Draw  the  lead-line  i  2  at  a  distance  de  from 
AB  and  parallel  to  it.  With  centre  O  describe  arc  3  4  with 
a  radius  equal  to  the  maximum  port-opening.  Find  by  trial 
the  centre  £  of  a  circle  that  can  be  Jrawn  tangent  to  (?Z*,  arc 
3  4,  and  line  i  2.     Through  this  centre  draw  OE. 
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Then  BOE  is  the  angle  of  advance,  Ea  the  lap,  and  twice 
OE  is  equal  to  the  travel  of  the  valve. 

The  Zeuner  Valve  Diagram — In  Plate  II  let  AB  repre- 
sent the  stroke  of  the  piston,  the  circle  ACBD  the  path  o( 
the  crank-pin,  and  L  the  centre-line  of  the  crank. 

From  C  lay  off  OE  equal  to  the  angle  of  advance,  and  on 
OE  as  a  diameter  describe  the  valve  circle  equal  to  half  the 
travel  of  the  valve  or  eccentricity  of  the  eccentric  when  no 
rocker  is  used.  From  centre  0  draw  the  arcs  abc  and  gfk 
equal  to  the  outside  and  inside  laps  respectively. 

At  the  beginning  of  liie  forward  stroke  the  true  position 
of  the  crank  would  coincide  with  AO,  and  the  centre-line  ol 
the  eccentric  with  OE. 

Now  since  the  position  of  the  point  E  is  fixed  for  a  given 
eccentricity  and  angle  of  advance,  the  point  E  will  always  be 
found  on  the  circumference  of  the  circle  having  OE  as  a  diam- 
eter; and  if  the  valve  circle  together  with  the  crank  be  rotated 
around  the  centre  (?  in  a  direction  opposite  to  the  arrow,  its 
intersection  with  the  line  OB  from  0  will  be  the  distance 
which  the  valve  has  travelled  from  its  central  position  after 
the  crank  has  moved  through  any  given  angle. 

But  instead  of  rotating  the  crank  and  valve  circle  let  them 
remain  fixed  and  rotate  the  line  OB  as  an  imaginary  crank  in 
the  direction  of  the  arrow,  and  the  same  results  will  be  ob- 
tained in  a  much  simpler  way. 

Draw  OL,  the  imaginary  crank,  through  the  point  where 
the  lap  arc  abc  intersects  the  valve  circle  at  the  point  c.  The 
position  of  the  valve  will  then  be  at  the  point  of  admission, 
because  the  valve  will  have  travelled  from  its  central  position 
a  distance  equal  to  Oc,  equal  to  the  lap. 
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This  is  clearly  shown  in  Fig.  343.  The  valve  is  travelling 
in  a  direction  opposite  to  the  imaginary  crank,  and  the  steam 
edge  /  of  the  valve  is  on  the  point  of  admitting  steam  to  the 
port  X  just  before  the  beginning  of  the  forward  stroke. 
When  the  imaginary  crank  reaches  the  position  OB  the  valve 
will  have  travelled  a  distance  equal  to  Oc  from  its  central 
position  and,  OB  being  a  dead-centre,  the  valve  will  havs 
opened  the  port  A' to  steam  an  amount  equal  to  the  lead,  and 
the  port  Kto  exhaust  an  amount  equal  to  pq,  Fig.  244. 

When  the  crank  has  reached  the  position  OE  the  valve 
will  then  have  attained  the  extreme  position  of  its  travel. 
The  shaded  part  bi  shows  the  full  opening  of  the  steam-port, 
and  ke  the  amount  of  ovcrtravel,  and  at  the  same  time  the 
port  Y  is  fully  open  to  exhaust,  as  shown  by  the  shaded  por- 
tion//, andyi^is  the  exhaust  ovcrtravel  (Fig.  245). 

The  valve  now  returns  and  at  R  begins  to  close  port  X, 
until  when  the  crank  arrives  at  /.'  tiie  port  is  fully  closed  and 
cut-ofT  takes  place,  as  shown  in  Fig,  246, 

When  the  crank  is  in  the  position  V  at  right  angles  to  OE 
the  valve  is  in  its  middle  position,  as  shown  in  Fig.  247. 

At  the  crank  position  V  the  valve  has  travelled  a  distance 
Og  from  its  central  position,  and  the  port  A"  is  about  to  open 
to  exhaust,  as  shown  in  Fig.  248.  The  port  continues  to 
open,  until  at  the  position  /,'  the  port  is  fully  open  and  con- 
tinues so  until  the  crank  reaches  the  position  L',  when  it  begins 
to  close,  and  is  fully  closed  when  the  crank  reaches  V.  Now 
compre^nion  begins  and  continues  through  the  angle  L'OL. 
At  L  the  valve  has  returned  to  the  point  of  admission  a  little 
before  the  beginning  of  the  new  forward  stroke. 

At  crank  position  L'  it  will  be  seen  from  Fig.  250  that  the 
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port  Fis  fully  open  to  steam,  the  port  X  fully  open  to  exhaust, 
and  that  the  valve  has  reached  the  extreme  position  of  its 
travel  for  the  backward  stroke — ^just  the  opposite  of  the  posi- 
tion shown  in  Fig.  245. 
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Fig.  252. 

Exercise  116. — (Fig.  252).  Assume  the  same  conditions 
as  in  Ex.  112  for  the  Bilgram  diagram.  Draw  AB  and  CO  at 
right  angles.  Make  AB  to  any  convenient  scale  equal  to  the 
stroke  of  the  piston,  and  let  ACB  represent  the  path  of  the 
crank-pin.  From  C  lay  off  angle  OE  equal  to  the  angle  of 
advance  =  30®,  with  a  scale  equal  to  twice  full  size.  On  Ok 
as  a  diameter,  equal  to  half  the  travel  of  the  valve,  or  2\",  de- 
scribe the  valve  circle  Oakc,  From  B  lay  off  Bl  equal  to  8oj^ 
of  the  stroke,  and  erect  a  perpendicular  to  cut  the  crank-pin 
arc  in  Z*.  Draw  (?Z',  the  position  of  the  crank  at  cut-off. 
Through  the  point  a^  where  OV  cuts  the  valve  circle,  with  O 
as  centre  describe  the  arc  abc.  From  B  lay  off  B2  equal  to  yoi> 
of  the  stroke,  and  erect  a  perpendicular  to  Z*.  Draw  OU,  and 
through  the  point  gy  where  OL*  intersects  the  valve  circle, 
with  O  as  centre  describe  the  arc  gfh.  From  b  lay  off  bk 
equal  to  the  width  of  the  steam-port,  and  with  centre  O  and 
radius  Ok  describe  the  arc  '^k^. 
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Then  Oa  is  the  required  lap,  Og  the  inside  lap,  dt  the 
lead.  Sf  the  inside  or  exhaust  lead,  OE  the  maximum  port- 
opening,  and  KE  the  overtravel. 


Exercise  117. — (Fig.  253.)  Assunie  the  same  conditions 
as  given  in  Ex.  113. 

Draw  AB  and  CO  at  right  angles.  Draw  OL'.  the  crank 
position  at  cut-off.  From  O  describe  arc  abc  with  a  radiui 
equal  to  the  lap,  scale  as  before.  Lay  off  de  equal  to  the 
lead.  Bisect  Oa  and  Oc,  and  the  point  /where  the  bisectors 
intersect  will  be  the  centre  of  the  valve  circle  which  may  now 
be  drawn  through  the  points  aOe. 

Then  OE  is  equal  to  half  the  travel  of  the  valve,  and  COR 
is  the  angle  of  advance. 

Exercise  118.— (Fig.  254.) 


Point  of  cut-off. . .   :^  80*  of  stroke. 
Point  of  admission  =  90^  of  stroke. 

Lead =  |". 

Draw  AB  and  CO  at  right  angles, 
tions  OL  and  0L\  Bisect  the  angle  LOD  with  the  line  OE. 
On  OE  assume  any  point  as  g,  and  draw  gf  perpendicular  to 
OB,  and  gh  perpendicular  to  OL.  With  center  O  and  radius 
Ok  describe  the  arc  he. 


Required. 
Travel  of  valve. 
Lap. 

Angle  of  advance. 
Draw  the  crank  posi- 
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Now  the  angles  gOB  and  gOL  are  constant  for  a  given 
admission  and  cut-oS ;  therefore  the  lead  will  vary  directly  as 
the  eccentricity. 


Fio.  354. 

Let  Og\>^  an  assumed  eccentricity,  then  </'will  bt  its  cor> 
responding  lead,  and  the  given  lead  is  to  the  assumed  lead 
tf9&  the  required  eccentricity  is  to  the  assumed  eccentricity 
Og- 

Lay  off  01  equal  to  the  given  lead,  and  O2  equal  to  ef. 
Draw  zgt  and  IE  parallel  to  2g. 

With  a  radius  equal  to  Oe  minus  the  given  lead  and  centre 
O  describe  the  arc  abc.  On  OE  as  a  diameter  describe  the 
valve  circle  Oaec. 

Then  COE  is  the  required  angle  of  advance,  OE  the  ec- 
centricity or  half  the  travel  of  the  valve,  and  Oa  the  lap. 

£^0*01*6119. — (Fig.  235.)  Assume  the  conditions  as  in 
Ex.  115. 

Draw  ABiAA.  CE  at  right  angles  to  each  other.  Draw  OV, 
the  crank  position  at  cut-off,  Oa,  the  given  lead,  and  Ob,  the 
given  maximum  port-opening.  At  b  erect  the  perpendicular 
bg.  Through  (I  draw  a</ at  right  angles  to  d?/.'.  Bisect  the  angle 
dee  with  the  line  Oc,  and  produce  it  to  intersect  fg  at  g.    Join 
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ag,  and  draw  cf  parallel  to  Ob.  With  c  as  centre  and  </as 
radius  describe  arc/*,  cutting  ag  in  k.  Join  ck,  and  draw  a  (J 
parallel  to  kc.  cutting  0^  in  the  point  (?,.  Draw  £>/  parallel 
to  O^A. 

Then  (9fi  is  the  required  angle  of  advance,  0,a  half  the 
required  travel  of  the  valve,  and  O^e  the 


Fl.:,  2  =  5- 

Engine  Frame  or  Bed-plate. — Frames  for  horizontal 
engines  are  usually  made  of  cast  iron.  This  is  the  most  suit- 
able material  owing  to  the  complicated  sections  found  in  most 
frames,  and  also  because  it  gives  the  necessary  rigidity. 

Figs.  256  to  258  show  an  engine  frame  of  the  "Tangye" 
type.  It  is  that  used  by  the  Buckeye  Engine  Co.  of  Salem, 
Mass. 

Exercise  I20.^1\lakc  drawings  as  shown  in  Figs.  256  to 
258.     Scale   ij"  r=  I  foot. 


ib. 
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Cylinder. — Stcatn-engine  cylinders  are  almost  always  made 
of  a  tougli,  close-grained  cast  iron  as  hard  as  can  be  safely 
worked. 

Diameter  of  CyHnder,  D. 

Let  P  =  the  mean  effective  pressure  of  steam  in  pounds  per 
square  inch  =  M.  E.  P. ; 
L  =:  length  of  stroke  in  feet ; 
A  =  area  of  piston  in  square  inches; 
JV=  number  of  strokes  per  minute. 

Then   —  ^  I.H.P.  or    indicated  horse-power,  aod 

33000  ^ 

A-     u      t            l-H.F.x  33000  A 

A  .s  therefore  = Ptjr~  ■  ^°  ^  =  ■:j^^- 

The  mean  effective  pressure  P  may  be  found  from  the 
following  formula: 

Let/=  the    absolute    initial  pressure  of    steam,  i.e.,  the 

gauge-pressure  -f-  15  lbs,  ;—  /%  for  loss  between 

boiler  and  cylinder. 

r  =  ratio  of  expansion  =  length  of  stroke  in  inches  ^ 

distance   travelled   by   piston    in    inches    before 

steam  is  cut  off. 

1  4-  hvp.  log.  r 
Then  P=  ' —  back- pressure. 

Thiihiess  of  Cyli'ider,  t. 

Let  P,  =  boiler-pressure    of    steam    per    square    inch    in 
pounds: 
D  =  diameter  of  cylinder  in  inches. 

"  Wliitham  "  recommends  the  following  formula  for  hoi 
izonta!  or  vertical  cylinders  of   large  or  small   diameter  where 
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rovision  is  made  for  reboring  and  sufficient  strength  and  rig- 
lity  are  secured : 


/  =  0.03  ^/P,D. 

Length  of  Cylinder, — The  length  of  cylinder  between 
iCads  =  Stroke  +  thickness  of  piston  -|-  the  sum  of  the  piston 
learance  at  both  ends. 

Cylinder  Head, — The  cylinder  head  or  cover  next  to  the 
rank  is  sometimes  cast  on  the  cylinder. 

The  thickness  of  the  cylinder  head  recommended  by  Prof. 

leaton  is 

P,D  +  500 
2000 

The  thickness  at  the  flange  where  the  head  is  bolted  to  the 
^linder  should  be  \  greater  than  this. 

Cylinder-head  Bolts,  —  The  diameter  of  cylinder-head 
'uds  in  locomotives  is  usually  \^\  and  their  pitch  abour  4 
mes  their  diameter. 

For  stationary  and  marine  practice  **  Ripper"  gives 

4  4 

here  n  =  number  of  studs ; 

^=  diameter  of  studs; 

/?=  diameter  of  cylinder; 

/  =  maximum  pressure  of  steam ; 

/=  4000  to  5000. 

Steam-ports. — The  steam-ports  which  conduct  the  steam 
•0.11  the  valve-chest  to  the  cylinder  should  be  as  short  and 
ircct  as  possible,  but  large  enough  to  prevent  wire-drawing 
dd  of  easy  curvature. 
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The  length   of  ports   in   locomotives  is   usually   i" 
than  the  diameter  of  the  cylinder. 

In  other  types  the  length  is  generally  made  q.%D. 

The  area  of  the  steam-port  is  given  by  many  authoritio 
as  follows: 

AV 


where  A  =  area  of  the  piston  in  square  inches; 

V  =  velocity  of  steam  through  the  port  =  6000  feet  pef 

minute ; 
V=  velocity  of  piston  in  feet  per  minute  (from  1000 

to  I3O0); 
a  =  area  of  steam-port. 
Figs.  259  to  262  show  the  working  drawings  of  a  hoTiioD* 
tal  steam-engine  cylinder  made  by  the  Buckeye  Engine  Co.l 
Fig.  259  shows  a  longitudinal' section  through  the  centre  of 
the  cylinder,  Fig.  260  a  cross-section  through  the  exhaust- 
passage.  Fig.  261  a  back-end  view  showing  the  opening  for 
a  valve-rod,  aiid  I'ig.  262  a  plan. 

Figs.  2G3  and  264  are  the  heads  and  covers  suitable  for 
this  cylinder.  When  in  position  on  the  engine-frame  the  end 
of  the  cylinder,  shown  in  Fig.  261,  is  bolted  to  the  end  of 
the  frame  sliown  in  h'ig.  261. 

Exercise  121 — Make  drawings  of  steam-cylinder  as  shotra 
in  Figs.  259  to  3f)2.     (St-a/f  i^"  =  i  foot.) 

Exercise  122,— Make  the  design  of  a  cylinder  similar  to 
that  ■ihown  in  Figs.  259  to  262  to  develop  lOOl.H.F.  Stroke 
30";  steam-pressure  90  lbs,  per  square  inch;  cut-off  at  S0)( 
of  the  stroke.        Number  of  strokes  per  minute  220. 
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Exercise  123-  —Make  drawings  of  the  cylinder  heads  shown 
in  Figs.  263  and  264.     {Scale  /J"  =  i  foot.) 

Pistons. — A  piston  is  that  part  of  an  engine  or  pump 
which  slides  to  and  fro  inside  a  hollow  cylinder  either  driven 
by  duid  pressure  or  acting  against  fluid  pressure  they  are 
usually  of  circular  section  and  are  made  of  brass,  wrought  iron, 
cast  iron,  or  steel. 

A  piston  with  valves  which  permit  the  fluid  to  pass  froia 
one  side  to  the  other  is  called  a  bucket  and  is  used  in  pump 
cylinders. 

A  single-acting  piston,  guided  by  the  stufling-box  instead 
of  the  cylinder,  is  called  a  plunger  and  is  also  used  in  pumfH. 

Steam-pistons. —  A  steam -piston  should  be  designed  so 
as  to  prevent  the  steam  from  passing  from  one  side  of  the 
piston  to  the  other. 

The  spring  packing-rings  should  not  press  against  the  cyl- 
inder more  than  is  necessary  for  steam-tightness. 

A  piston  should  be  no  heavier  than  is  necessary  for 
strength. 

The  weight  of  the  piston  should  be  distributed  so  as  to 
prevent  the  excessive  internal  wear  of  the  cylinder. 

The  piston  must  be  firmly  connected  to  the  piston-rod. 

Many  different  designs  have  been  adopted  to  secure  the 
above  requirements. 

Fig.  265  is  a  plain  box  piston,  used  by  the  Southwark 
Foundry  &  Machine  Company.  It  is  cast  in  one  piece;  the 
core  being  removed  by  three  holes,  shown  in  the  front,  which 
arc  afterwards  plugged  up.  The  two  small  holes  are  for  eye- 
bolts  which  are  used  to  remove  the  piston  from  the  cylinder 
when  necessary.     The  packing  consists  of  two  cast-iron  spring 
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^ngs  cut  as  shown  in  detail  in  the  figure.     The  rod  is  forced 
TJnto  place  by  pressure  and  the  ends  riveted  over. 

Exercise  124 —  Make  drawings  as  shown  in  Fig.  265. 
\ScaU  6"  =  I  foot.) 

Fig.  266,  This  is  another  style  of  box  pattern,  used  by 
the  Ball  Engine  Company.  The  style  of  packing  and  the 
method  of  securing  the  piston-rod  are  plainly  shown  :n  the 
figure. 


Fig.  365.  Fic.  366. 

Exercise  125. — Make  drawings  as  shown  in  Fig.  266,  and 
in  addition  make  a  half  end  section  through  the  centre  of  the 
piston.     (Scale  6"  =  i  foot.) 

Fig.  267  shows  a  common  built-up  piston  used  largely  in 
locomotives.  It  consists  of  a  spider,  5,  a  T  ring,  a  follower,  F, 
«nd  two  cast-iron  spring-rings.  The  rod  is  forced  into  place 
4Uid  held  by  nut  over  which  the  end  of  the  rod  is  riveted. 

Bxerdn  126, — Make  drawings  of  a  built-up  piston  like 
Fig.  367  for  an  engine  whose  cylinder  is  18"  X  24". 
Take  dimensions  from  Table  36.     {Scale  6"  =  i  foot.) 

Fig.  26S,  a  cast-iron  box  piston  used  in  the  cylinder  of  the 
Empire  State  Express  locomotive.  Its  construction  is  plainly 
jhown  in  the  figure. 
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Exercise  127. — Make  drawings  of  the  piston  shown  in  Fig. 
268.     {Scale  6"  =  /  /oot.) 

Fig.  269  is  a  cast-sted  box  pattern  cast  in  two  parts  and 
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held  together  by  rivets.  This  piston  is  made  by  the  Baldwin 
Locomotive  Works  for  the  '' Vauclain"  compound  locomo- 
tive. 

Bzerdae  X28* — Make  drawings  as    shown   in   Fig.  269. 
{Scale  4,"  =  /  foot.) 

Fig.  270  shows  the  cast-iron  pistons  used  in  tandem 
stationary  engines  built  by  Mcintosh  &  Seymour. 

The  packing  is  composed  of  cast-iron  spring-rings  cut  and 
kept  in  place  by  the  method  shown  in  detail  in  the  figure. 
The  arrangement  for  securing  the  rod  is  shown  in  detail  in 
Fig,  68,  page  103. 

Bxercise  129* — Make  drawings  as  shown  in  Fig.  270. 
iScaU  3"  =:  I  foot.) 

Fig.  271  is  a  built-up  piston  for  the  Tangye  stationary 
engines  made  by  the  Buckeye  Engine  Co.  It  consists  of  a 
spider,  follower,  and  adjusting-screws.  There  are  no  springs ; 
the  screws  act  on  an  uncut  junk-ring,  so  can  only  be  used  for 
•centring,  not  for  packing.  The  packing-rings  are  turned 
larger  than  the  bore  of  the  cylinder  so  as  to  pack  by  their  own 
elasticity.  They  may  or  may  not  be  turned  eccentric,  that  is, 
thin  where  cut,  and  full  thickness  opposite  the  cut. 

If  made  eccentric,  it  is  for  the  reason  that  they  will  be 
more  nearly  round  when  sprung  into  the  cylinder. 

Exercise  130. —  Make  drawings  as  shown  in  Fig.  271. 
{Scale  6"  =  /  foot.) 

Fig.  272  shows  a  water-piston  suitable  for  cylinders  under 

9"  diameter. 

The  piston-rod   is  fitted   to  the  head  with  a  shoulder  to 

drive  the  piston,  and  the  rod  is  secured  in  place  by  a  nut. 

The  follower  is  also  held  by  a  nut  and  lock-nut.     By  this 
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ans  the  follower  and  packing  may  be  adjusted  or  renewed 
will.  The  packing  is  made  of  layers  of  cotton  cloth  and 
Jet  rubber. 

Exercise  131. — Make  drawings  of  water-piston  as  shown 
Fig.  272.     {Scale  full  size,) 

Connecting-rods. — In   steam  and  other  engines  the  con* 
ting-rod  connects  the  rotating  cranlcwith  the  reciprocat- 
cross-head. 

There  are  many  styles  of  connecting-rods,  and  various 
Lhods  are  employed  for  taking  up  the  wear  of  the  brasses. 
;s.  273  to  276  show  good  examples  of  rods  used  in  station- 
,  locomotive,  and  marine  engines  of  the  most  modern 
les. 

Fig-  273  is  the  rod  used  by  the  Buckeye  Engine  Co.  for 
ir  **  Tangye  "  type  of  engine.  The  crank  end  is  solidy  the 
sses  are  lined  with  babbitt,  and  adjustment  for  wear  is  had 
means  of  a  tapered  steel  block  and  screws.  The  cross- 
d  end  is  called  a  strap  end.  The  strap  is  firmly  bound  to 
end  of  the  rod  with  a  cotter-key  and  gib,  which  also  con- 
s  the  adjustment  for  wear. 

Fig.  274  has  strap  ends  front  and  back.  Keys  are  in- 
ed  between  the  straps  and  the  rod  to  prevent  the  shear  of 
strap-bolts.  The  construction  of  this  rod  and  the  method 
cloyed  to  take  up  the  wear  are  plainly  shown  in  the  figure. 
i  Erie  City  Iron  Works  use  this  rod  on  their  stationary 
ines. 

Exercise  132. — Make  the  drawings  as  shown  in  Fig.  273. 
xle  &'  =  /  foot,) 
Exercise  133 — Make  the  drawings  as  shown  in  Fig.  274, 
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except  that  half  of  the  plan  shall  be  a  section  through  XX. 
{Scale  &'  =  I  fool.) 

Fig.  275  is  the  connecting-rod  used  by  the  Pennsylvanii 
Railroad  Company  on  their  fast  passenger-locomotives.  Tht 
crank  end  of  this  rod  is  an  improved  design  invented  by  Mr. 
A.  S.  Vogt,  mechanical  engineer  of  the  company.  He  ex- 
plains the  improvements  as  follows: 

As  before,   the  back  end  of  the  rod  is  forked,   but  ihe 
method  of  closing  the  open  end  of  the  fork  is  entirely  differ- 
ent, and  the  key  for  closing  the  main  brasses  has  been  moved 
from  the  forward  side  of  the  brass  to  the  rear,  which  has  an- 
other good  cHect,  viz.,  as  the  brasses  in  both  front  end  and 
back  end  of  the  rod  wear  and  are   closed  up   to  meet  thd 
wear,  the  actual  length  of  the  rod  changes  but  very  little,  tor 
the  reason  that  the  keying  of  both  ends  is  in  the  same  direc- 
tion, whereas  in   the  old  form   of  the  rod   the  keying  w 
opposite  directions,  and   as  a  matter  of  course  the  distance 
from  centre  of  crank-pin  to  centre  of  crosshead  pin  increased 
gradually.      Tlie   open   end   of  the   fork   in   this  rod  is  closed, 
first,  by  a  U-shaped  block,  the  detail  of  which  is  marked  A 
on    Fig.  275  ;   next,  by  the    key  which   is   marked  ^ :  and  last  ( 
of  all  by  a  combined  key  and  bolt  marked  C;    this  bolt  clamp- 
ing the  two  members  of  the  fork  against  the  block  A  and 
forming  an  enclosed  surface  for  the  key  to  drive  against.    To 
^ircvent  the  slacking  up  of  the  nut  C,  a  keeper-block   is  pro- 
vided at  the  bottom  of  the  lower  member  of  the  fork.      This  ii , 
made  with  a  recess  into  which  the  nut  fits  and  a  set-screw  for 
locking  the  nut.     The  same  keeper-block  extends  forward  to 
the  key  B.  which  is  also  blocked  by  a  set-screw  in  the  block. 
It  is  quite  evident  that  there  is  much  less  chance  of  sheariiig 
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or  offsetting  of  the  bolt  and  the  key  in  this  than  there  was  of 
the  bolt  in  the  former  design ;  but  even  if  it  should  take  place, 
which  is  not  very  likely,  the  whole  thing  can  readily  be  dis- 
connected by,  first,  driving  the  key  B  out,  unscrewing  the 
nut  on  the  bolt  and  moving  the  whole  bolt  slightly  forward, 
when  it  can  be  lifted  out  at  the  top. 

Exercise  134. — Make  drawings  as  shown  in  Fig,  11%, 
{Scale  6"  =  i  foot.) 

This  form  of  rod  is  called  a  marine  connecting-rod  be- 
cause it  is  often  used  on  marine  engines,  but  it  is  also  largely 
used  on  stationary  engines  and  is  occasionally  seen  on  loco> 
motives. 

The  crank-pin  end  or  stub  is  usually  forged  solidly  on 
the  rod,  and  all  but  the  sides  is  finished  by  turning  in  the  lathe. 
The  sides  are  then  planed  and  the  bolt-holes  drilled.  The  ' 
hole  to  receive  the  brasses  may  now  be  bored  unless  the  top 
and  bottom  of  the  brasses  are  to  be  thicker  than  the  sides,  in 
which  event  the  hole  will  not  be  completed  until  after  the  cap 
or  top  end  of  the  stub  has  been  slotted  off  and  bolted  on 
again. 

It  will  be  seen  that  the  bolts  are  turned  down  to  a  diam- 
eter equal  to  the  diameter  at  the  bottom  of  the  threads.  This 
does  not  weaken  the  bolt,  but  makes  it  more  elastic. 

The  cross-head  end  of  this  rod  is  made  forked  to  suit  the 
cross-head,  but  it  will  hi  seen  that  each  half  of  the  forked  end 
is  constructed  the  same  as  in  the  large  end. 

A  detail  dra-.ving  of  the  bolt  and  its  locking  arrangement 
is  given  in  Fig.  65,  page  96, 

Exercise  135. — Make  drawings  as  shown  in  Fig,  276. 
{Scale  2"  —  t  foot.) 
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Thrust  of  Connecting-rod. — Assuming  that  a  connect- 
^'^g-rod  is  equal  to  a  pillar  rounded  or  jointed  at  both  ends, 
^^t  ZP  =  diameter  of  piston  in  inches ; 
JL  =  length  of  stroke  in  inches ; 
/  =  length  of  connecting-rod  in  inches ; 
P  =•  maximum  steam-pressure  per  square  inch; 
T  =  thrust  of  connecting-rod. 

When  the  crank-pin  is  on  a  dead-centre  and  the  connect- 
^'^g-rod  is  in  line  with  the  piston-rod,  then 

4 

^He  total  load  on  the  piston.     But  as  the  crank  rotates  the 

"Connecting  rod  becomes  inclined  to  the  centre  line  of  motion, 

^nd  7"  increases  as  the  angle  of  the  connecting-rod  increases 

Until  a  maximum  is  reached  at  half-stroke,  provided  the  steam 

is  not  cut  off  before. 

The  value  of    T  may  be   found  for  any  position  of  the 
crank  as  lollows: 

Let  AB,    Fig.   277,  be  the  connecting-rod,  and    BC   the 
crank.  *   The  forces  acting  at  A  are  Wy  the  maximum  pressure 
on   the  piston,  and  /?,  the  reaction  of  the  guide  on  the  cross- 
head,  and  y,  the  thrust  along  the  connecting-rod. 
From  the  triangle  of  forces 

T  _AB 
W^  AC 

and 


AC  VAB'-AC  i/,'_£  ^4/*'-/' 

4 
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Diameter  of  Connecting-rodi  Circular  Section. — ^Thun- 
ton  gives 

d  =  a^ Dl,  i^P+C=:  diameter  at  middle, 


where  a 


_  (o.i 
(o.o 


5  for  fast  engines, 
08  for  moderate  speed ; 
for  fast  engines, 
J"  for  moderate  speed ; 
/,  =  length  of  connecting-rod  in  feet. 
Seatons,  Marks,  and  Whitham  give 

rf=  o.  02758 -/z?/VS 


Fig.  277. 

For  the  diameter  at  the  crank-pin  end  Whitham  gives 
i.oS  times  the  diameter  at  the  cross  head  end.  The  rod  is 
larger  at  the  middle  and  tapers  about  i"  to  the  foot. 

Sennett  gives  diameter  at  middle  =  —  VP\ 


<  ( 


( t 


necks     =  7^  VP. 
60 
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Locomotiye  Connecting-rods. — The  sizes  of  rectangular 
rods  of  uniformly  tapered  section  are  in  practice  as  follows : 

Depth  of  Main  Rod. — On  engines  with  cylinders  14"  di- 
ameter or  less  the  depth  of  the  rod  at  the  crank  end  is  made 
-|"  less  than  the  depth  of  the  stub;  over  14"  diameter,  \' 
less. 

Depth  of  main  rod  at  cross-head  end  =  d^. 


Cyl. 

14" 
at" 

15" 

16" 

17" 

18" 

19" 

20 

dx 

af" 

3" 

3" 

3" 

3" 

3i" 

Thickness  of  main  rod 

'=^. 

Cyl. 
dUm. 

M" 

15" 

16" 

17" 

18" 

t9' 

20" 

tx 

If 

ij" 

li" 

»r 

a" 

a" 

2" 

Depth  of  Side-rods. — ^The  depth  of  the  side-rod  is  made 
about  f  narrower  than  that  of  the  stub  end,  and  of  uniform 
depth  throughout. 

Thickness  of  side-rods  =  /,. 


Cyl. 

diam. 

• 

14" 

15" 

-* 

16" 

17" 

18" 

19" 

20" 

*t 

If" 

If" 

It" 

If 

If 

i\" 

ij" 

J/l  Pivot  or  Step  Bearing. — In  this  form  of  bearing  the 
pr^sure  1ft  'UppliCdHn  the  direction  of  the  axis,  and  the  load 
is  carried  entirely  upon  the  end  of  the  shaft.  In  lubricating 
a  bearing  of  this  type  the  oil  should  always  be  introduced  be- 
tween the  bearing  surfaces  from  the  under  side  and  in  the 
centre  of  the  bearing,  that  the  oil,  under  the  influence  of  the 
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centrifugal  force,  will  be  distributed  over  the  entire  rubbing 
surface.  The  best  results  are  obtained  from  running  the 
bearing  in  a  bath  of  oil,  as  shown  in  Fig.  278,  where  the  oil- 
basin  surrounds  the  journal-box,  which  can  be  kept  submci^ed 
oil,  thus  insuring  constant  and  efficient  lubrication.  In 
Fig,  278  the  oil  passes  from  the  oil-basin  OB  to  the  journal- 
bo.<  through  the  hole  /*,  and  on  to  the  under  side  of  the  shaft 
through  the  hole  in  the  disk  BD.  To  insure  a  continuous  flow 
o(  oil  through  the  holes,  grooves  are  made  on  the  under  side 
of  the  journal-box,  and  upon  the  upper  side  of  the  projection 
upon  which  the  disk  BD  is  carried.  To  prevent  lateral  motion 
the  end  of  the  shaft  is  turned  to  fit  the  Journal-boxy  which 
is  provided  with  a  brass  bush  (B).  The  bush  is  secured 
against  tuniing  with  the  shaft  by  the  projections  E,  wliich  fit 
between  lugs  cast  on  the  inner  surface  of  the  journal-box. 
The  under  side  of  the  journal-box/  is  slightly  spherical  and 
rests  upon  a  surface  which  is  also  slightly  spherical.  This 
allows  tlic  journal-box  to  be  tipped  over  for  a  limited  dis- 
tance by  niuans  of  the  set-screws  S  until  its  axis  coincides 
with  that  of  the  shaft.  The  down^pressure  of  the  shaft  is 
carried  upon  a  stcc!  disk  BD.  which  also  rests  upon  a  slightly 
spherical  projection  cast  on  the  upper  side  of  the  journal-box 
bottom,  allowinj;  tin;  whole  of  the  shaft  end  to  remain  in  con- 
tact with  the  disk  althou^jh  the  bush  B  has  become  sufficiently 
worn  to  allow  the  shaft  to  have  side  motion,  thus  making  the 
bearing  adjustable,  and  capable  of  maintaining  a  perfect  bear- 
ing over  its  entire  surface  under  all  ordinary  working  con- 
ditions. The  disk  BD  is  longer  than  the  shaft  diameter,  and 
is  prevented  from  t  iiriiing  with  the  shaft  by  the  flat  sides  com- 
ing in   contact  with  the  lugs  /.     The  journal-box  is  hexagonal 
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in  cross-section,  and  is  tapered  towards  the  top  to  allow  it  to 
tip  the  required  distance  without  increasing  the  diameter  of 
■the  oil-basin.  It  is  held  against  turning  with  the  shaft  by  the 
set-screws  S  pressing  against  the  flat  faces.  This  form  of 
pivot  or  step  bearing  is  suitable  for  journals  from  ij"  to  3i" 
in  diameter. 

As  the  velocity  ot  the  bearing  surface  varies  from  zero  at 
the  centre  to  a  maximum  at  the  circumference,  and  as  the 
friction  increases  with  the  velocity,  the  wear  will  increase  from 
the  centre  to  the  circumference.  Thus  it  will  be  seen  thai 
the  smaller  the  diameter  D  of  the  journal,  within  limits  deter- 
mined by  the  pressure  per  square  inch  on  the  rubbing  sur- 
faces, the  more  will  the  tendency  to  wear  be  reduced. 

D  will  be  found  by  the  formula 

nlT      T 


where  P  =■  intensity  of  pressure  per  square  inch  of  projected 

area,  which  with  this  form  of  bearing  running 

continuously  may  be  taken  at  300  lbs. ; 

7"=  total  load  on  the   rubbing  surface,   which  is  the 

weight  of  the  shaft  and  its  attachments. 

Exercise  136. — Design  a  bearing  of  the  form  shown  in  Fig. 

27S.  to  carry  a  load  of  1450  lbs.      Show  a  HALF  ELEVATION, 

a  \\.\\.V   -SECTIONAL  t:LE\ATION-,  a  SECTIONAL   END  VIEW,  the 

pianos  of  section  passing  through  the  centre  of  the  bearing, 

a  H.ALK  rL.\N  and  a  li.ALF  SECTIONAL  PLAN,  the  plane  of  sec- 
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Hon  passing  through  the  bearing  at  the  line  ab.  The  unit  of 
proportions  =  Z?  +  i".  The  thickness  /  of  the  brass  bush, 
and  the  bearing  disk  at  the  centre  may  be  made  =  .o%D  +  iV"* 
The  parts  dimensioned  in  inches  are  constant  for  all  sizes  of 
journals.     Scale  full  size. 

Crank-shaft  or  Main  Bearings. — ^The  bearings  carrying 
the  crank-shaft  of  a  vertical  engine  have  the  greatest  pres- 
sure acting  nearly  vertically ;  consequently  the  greatest  wear 
will  be  above  and  below  the  shaft,  and  adjustment  is  effected 
by  a  two-part  bearing,  parted  on  the  horizontal  centre  line, 
as  in  Fig.  170.  The  crank-shaft  bearings  of  horizontal 
engines  should  be  designed  for  horizontal  adjustment  to  take 
up  the  side  wear  caused  by  the  pull  and  thrust  transmitted 
along  the  connecting-rod,  and  vertically  to  take  up  that 
caused  by  downward  pressure  due  to  the  weight  of  the  fly- 
wheels, etc.  Vertical  and  horizontal  adjustment  can  be 
obtained,  with  a  two-part  bearing,  by  parting  the  bushing 
at  an  inclination  with  the  direction  of  both  pressures.  The 
inclination  is  generally  made  at  45**.  The  frame- work  con- 
nected with  the  crank  bearings  on  horizontal  engines  is 
generally  part  of  the  engine  frame,  as  in  Figs.  279  and  280. 

Three-part  Bearing — An  example  of  this  form  of  bearing 
is  shown  in  Fig.  279,  where  the  horizontal  wear  is  taken  up  in 
one  direction  only,  by  screwing  in  the  screws  A,  which  move 
up  the  adjusting-gibs  G  against  the  shaft.  The  vertical  wear 
is  taken  up  by  screwing  down  the  cap  C  In  this  design,  as 
the  bearings  wear,  the  shaft  will  be  moved  forward  and  down, 
and  can  only  be  returned  to  its  original  position  by  renewing 
the  babbitt  strips.  The  cap  is  made  to  fit  into  the  frame,  and 
is  also  provided  with  projections  which  fit  over  the  outside  of 
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the  frame,  thus  insuring  that  it  will  sit  squarely  upon  its  j  w- 
nal.     Tc  keep  the  cap  (C)  from  being  screwed  too  far  iii 


clampinE;  the  shaft,  it  is  provided  with  an  adj'usting-scre'."  at 
eacli  corner. 

The  lubricator  O  consists  of  a  pocket  cast  in  the  cap  frem 
which  the  oil  is  conveyed  to  the  bearing  through  the  holes// 
Tlicse  are  fiUeil  with  cotton  to  keep  the  oil  from  ffowint;  intc 
the  bearing  too  rapidly.   This  system  of  lubrication  is  efficient, 
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biit  veiy  wasteful  unless  the  surplus  oil  flowing  from  the  bear- 
ing can  be  caught  and  used  again.  This  is  done  (Fig.  279) 
by  casting  a  hollow  projection  OC  on  the  frame  under  the 
bearing,  from  which  the  oil  is  drained  off  by  the  pipe  OP  to 
the  bottom  of  the  engine  frame. 

Four-part  Bearing. — This  form  of  bearing  (Fig.  280)  is 
parted  on  each  quarter  of  the  journal,  which  allows  the  wear, 
caused  by  the  thrust  and  pull  on  the  connecting-rod,  to  be 
taken  up  on  either  side.     This  is  effected  by  screwing  down 
the  bolts  A^  which  pull  up  the  tapered  wedges  W^  moving  the 
gibs  C  forward  toward  the  journal.       To  hold  the  bolts  A 
against  turning  back,  they  are  provided  with  a  locking  arrange- 
ment, shown,  drawn  to  an  enlarged  scale,  in  Fig.  281.     The 
vertical  adjustment  is  obtained  by  screwing  down  the  cap- 
bolts  CB,     The  under  side  of  the  journal  is  carried  upon  a 
block  LB,  which  is  allowed  to  move  transversely,  thus  allow- 
ing it  to  adjust  itself  to  the  journal,  but  is  held  against  moving 
longitudinally  by  projections  which  fit  over  the  raised  part 
F  on  the  frame.     The  top  bearing   TB  is  held  in  position  by 
the  screws  0,  which  also  serve  to  hold  the  gibs  ((?)  in  position 
and  keep  the  cap  from  being  screwed  down  too  tightly  on  the 
shaft.     The  lubricator  O  may  be  used  for  semi-liquid  grease 
or  by  filling  it  with  cotton  saturated  with  oil. 

Leng^tb  of  Crank  Bearing. — To  calculate  the  length  of  a 
bearing  it  is  necessary  that  we  should  know  the  amount  and 
direction  of  the  pressure  to  which  it  is  subjected.  The  pres- 
sure on  the  crank-shaft  bearings  of  a  horizontal  engine  is 
uncertain  in  amount  and  direction.  We  can  determme  tne 
amount  and  direction  of  the  resultant  pressure  caused  by  the 
thrust  and  pull  of  the  connecting-rod  and  that  due  to  the 
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weight  of  the  fly-wheels  and  shaft,  but  this  pressure  majr  1w 
either  augmented  or  relieved  by  the  tmnsmission  of  the 
power. 

A  reliable  rule,  and  one  which  is  generally  observed  to 
this  country,  is  to  make  the  length  of  the  bearing  equal  ts 
TWICE  THE  DIAMETER  OF  THE  SHAtT. 

The  Cap. — To  relieve  the  cap  as  much  as  possible  from 
the  stresses  the  frame  is  carrifi  up  well  around  the  bearing, 
and  the  cap  (C)  is  practically  a  flat  plate.  The  upward  pres 
sure  of  the  Cap  caused  by  the  angularity  of  the  connecting-rod 
is  found  by  the  formula 

P 

'=1    =■ 

This  pressure  may  be  augmcnti  d  by  the  gearing  which  is 
used  to  transmit  the  power,  and,  to  insure  that  the  cap  and 
cap-studs  will  have  sufficient  strength  under  the  worst  condi- 
tions,   the  value  of  /■  should  be  increased  ioo#.      Then  the 

m.ixiiinuii  pressure  /■'  on  the  cap  will  be  found  by  the  formala 


(^} 


UK'-  I ' 

KTO  /'  =  total  stc.im-prc^surc  on  t!ie  piston ; 

A"  —  r.itio  '->(  lenglli  of  connecting-rod  to  throw  of  crank. 

Tiic  U:iL;tli  M  connecting-rod   is  generally  made  equal  to 

times  tile  iliiow  of  craiik.      The  cap  is  in  the  condition  of  a 

■.mi  on  wliich  the  load  is  distributed  over  its  entire  surface. 

/■/ 
Tiled  the  bending  moment  is  -7,   and  the  moment  of  re- 

•laiicc  to  bending  is  ^^/~.      Therefore 
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from  which 


=V1 


X  /X6  ,. 

•     •     •     •     U) 


X  8  X/' 

where  L  is:  length  of  cap ; 

T  =  thickness  of  cap ; 
P'  =  total  load  on  cap ; 
/  =  distance  between  cap-studs ; 

/=  strength  of  the  material,  which  may  be  taken  at 
5CXX)  lbs. 

Diameter  of  Studs. — The  maximum  pressure  (/')  on  the 
under  side  of  the  cap  is  resisted  by  the  studs  CB.  There- 
fore their  effective  area  will  be  found  by  the  formula 

Area  at  bottom  of  thread  = 


where  n  =  number  of  studs ; 

yj  =  strength  of    material  =  5000  lbs.  per  square  inch 
of  area  at  bottom  of  threads. 

Having  found  the  area  at  the  bottom  of  the  threads,  turn  to 
Table  No.  8,  page  66,  from  which  take  the  nearest  diameter 
of  screw  having  the  required  area.  The  diameter  of  the 
adjusting-studs  {A)  and  the  set-screws  {s)  may  be  made  f" 
in  diameter  when  the  journal  is  6"  or  less,  and  increased 
\"  for  every  inch  the  journal  is  increased  above  6"  in 
j^iameter. 

The  Gibs. — The  height  of  the  gibs  {G)  should  be  f,  and 
their  thickness  at  /  should  be  equal  to  |,  of  the  shaft 
diameter. 

Adjusting-wedges.-^Instead  of  using  three  adjusting 
wedges  and  screws,  as  in  Fig.  280,  another  arrangement  is  to 
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use  one  wedge  and  one  adjusting- screw  with  two  guide  pios, 
as  in  Fig.  282,  In  the  latter  airangcmcnt  the  wedge  sap- 
ports  the  gib  and  is  in  contact  with  the  frame  its  entire  leoglk 
ILe  thickness  of  the  wedges  at  the  top  should  be  1}  times 
tlic  Hisjnctcr  of  the  screw  {A^  ■\-  \',  and  their  width  a/  whea 


n^cd    ■ 


,il   (At. 


Til, 


.Ilk]   not   be   lcs5  tlian  \   the  letigth  of  the 
taper  of  llic  wedges  may  be  made  from  i 


ill  6  to  I  in  8.  Tlic  screw  A  should  be  sufficiently  long  to 
enter  the  wedge  Jl'a  distance  equal  to  its  diameter  when  the 
wodge  is  full  down. 

Top  and  Bottom  Blocks.— The  thickness  /  at  the  thin- 
II.  -.t  p.irt  of  the  bottom  block  should  be  equal  to  .23,  and 
tli.it  of  the  top  block  .15,  of  the  journal  diameter. 
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Exercise  137. — Design  a  crank-shaft  bearing  of  the  form 
shown  in  Fig.  279,  proportioned  for  a  horizontal  steam- 
engine,  having  a  cylinder  9"  in  diameter,  stroke  10",  initial 
steam-pressure  200  lbs.  per  square  inch,  and  the  diameter  of 
the  journal  {D)  4".  The  bearing  to  have  a  vertical  and  hori- 
zontal adjustment  of  f".     Show  a  HALF  ELEVATION,  A  HALF 

SECTIONAL  ELEVATION,  a  HALF  END  VIEW,  a  HALF  SECTIONAL 
END    VIEW,  a   HALF    PLAN,    and   a    HALF   SECTIONAL   PLAN   of 

the  right-hand  side.     Scale  S"  to  the  foot. 

Exercise  138. — Design  a  crank-shaft  bearing  of  the  form 
shown  in  Fig.  280,  proportioned  for  a  horizontal  steam- 
engine  having  a  cylinder  18"  in  diameter,  stroke  30"  long, 
and  an  initial  steam-pressure 'of  220  lbs.  per  square  inch. 
The  bearing  to  have  a  horizontal  adjustment  of  J"  in  either 
direction  and  a  vertical  adjustment  of  |^".  Make  D  the 
diameter  of  the  journal  9". 

Show   an    ELEVATION,    PART    PLAN,  and    PART   SECTIONAL 

PLAN,  the  plane  of  section  passing  through  the  centre  of 
journal.     Scale  4!'  to  the  foot. 

Show  also  a  detail  drawin^i^  of  the  adjusting  screws  and 
wedges,  as  in  Fig.  281.     Scale  <?"  to  the  foot. 

Exercise  139. — Design  a  crank-shaft  bearing  of  the  form 
shown  in  Fig.  280,  substituting  the  adjusting-wedge  arrange- 
ment shown  in  Fig.  282.  Make  the  proportions  suitable 
for  the  conditions  given  in  Exercise  138.     Scale  4!'  to  the  foot. 

Ball  Bearings — This  device  for  reducing  friction  consists 
of  perfect  spheres  placed  between  the  journal  and  the  bear- 
ing; the  balls  taking  the  place  of  the  bush  in  supporting  the 
shaft,  thus  substituting  rolling  for  sliding  friction.  As  the 
bearing  areas  are  only  slightly  flattened  points,  the  wear  will 
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be  COi  firrfr    i^ml:    so,    to    reduce    the   amount  to  a 

mm^mm        k  balls  xaA  the  surfaces  upon  which  they  reJl 
MC  aadfc        steel  tempered  as  hard  as  possible. 

^dBiEcat  forms  of  ball  bearings  are  designated  accord* 
k  uBfaer  ai  points  that  the  balls  have  in   contact 

vi         wtM     ■crsspon  which  they  roll. 

ka  "•^9at■c  bearing  a  line  drawn  through  one  o(  the 
fMfes  in  e  direttioo  in  which  the  load  acts  should  pass 
■irlwi)    betweei  oints.     Thus  the    form  of 

bfhlig  shown  i  vc  good  results  only  when 

the  tcsuitant  oJ  all  tbi  ; :    :s  at  an  angle  of  45°,  other- 

wise tke  hiOs  wilt  sot  rc'  on  a  true  axis,  but  will  have  a 

9CKW  nMioa  and  therefore  a  considerable  amount  of  friction. 
Tbe  destea  shown  in  I  is     uitable  for  a  pressure  in  a 

1 4inctkiii  only.      In  a  point  bearing  a  line  drawn 

t  of  the  points  in  the  direction  in  which  the  pres- 
sure atCs  should  pass  through  a  contact-point  on  the  other  side 
,■:  :'•-■  r..''  •■•-  ^-1  f"';-;-  -?5'-  then  the  balls  revolve  on  a  true 
j-v-<  .i-J  -"J-,^'  tV;.-li,-.n  i>  entirely  avoided. 

S:3e  of  Balls. — Sieel  ball-;  rolling  under  pressure  do  not 
;,i  ,•'.  ,  , -':::■•:.;.  Tlit.tr  period  of  usefulness  depending  upon 
_x-,:-  -  •>.'^-^;  .i;:J  PM-ssure.  Thi^  would  seem  to  indicate  that 
;  ■,•  >>;■.;-  -■.■,.n:;d  bo  as  large  as  possible,  thus  reducing  the 
.  "iv  .■:  ■. ivvv'-iiii'iis  in  proportion  to  those  of  the  shaft,  and 
■^  v.t-;:^^  :l'.t'i'  strodi^lii;  but  tliere  is  a  practical  limit  to  this 
,..,».■■  ■  :,-  :;■„■  t.K-t  that  the  larger  the  balls  the  fewer  will  be 
.  -,-  •,  '.'.:■,■:,  a;Ki  therefore  ihe  fe«er  the  number  of  bearing 
^,;.;,.  liu-  bearing  uould  then  fail  by  the  balls  crushing 
,,  .  :■,,  •.;i;i.K\<  Upon  vviiieii  tliey  roll.  There  is  a  great  di- 
•i-vnv  oi   oi'inuui  .1^  to  the  proper  size  of  ball  in  relation  to 
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load  and  speed.  The  size  given  in  Table  No.  37  gives  a  fair 
average  proportion  of  the  diameter  of  the  ball  to  the  diameter 
of  shaft  used  in  practice  for  horizontal  bearings. 

TABLE   NO.    87. 


51i.ftD>»B. 

„»,... 

c™ 

■"jfX'i!: 

enph 

Shall  Diam. 

B»U  Di.m. 

Cm 

ihingSlienglh 

} 

1 

3000 
5000 
7000 

31 

( 

30000 
40S00 
50000 
60000 

Ball  Races. — The  thickness  (/)  of  the  surfaces  upon  which 
the  balls  roll  should  not  be  less  lh:m  ^  tho  diameter  {d )  of  the 
ball,  and  the  width  W  =  ij  times  the  ball  diameter.  The 
angles  of  the  grooves  are  generally  made  45°.  In  every  ball 
race  a  slight  amount  of  clearance  (c)  is  left  between  each  pair 
of  balls.  This  is  necessary,  first  to  get  the  balls  into  place, 
second  to  insure  the  free  rolling  of  the  balls.  The  amount  of 
clearance  is  generally  made  from  .002  to  .004;  it  will  there- 
fore be  safe  to  assume  .003  as  good  practice.  Then  taking  the 
diameter  /?,  of  the  ball  circle  =  D  -^  zt  ■\-  d  =  D  -^  2d.     In 

_  160°        18a  180°        d-\-  c 

Fig.  28s  the  angle  \0  =  i^  =  ~^,  sin  -—  =  -^  =  x. 


From   a  table  of  si 
sponding  to  x.     Then 


jle  6  in  degrees  corre- 


(4) 


The  number  of  balls  must  be  within  .001  X  «  of  being  a 
whole  number;  if  not,  we  must  increase  the  diameter/',.    Thus 
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I  No  4  gives  »=  20.75,  then  we  mua  I 
lHaM.J>,a»(tf  ia  the  next  vhole  number  o(  batU. 
Talaae  «  =  zi,  «c  can  6nd  If,  by  the  formula 


n-- 


j+c 


(s) 


Load  on  Beariags. — As  already  explained,  the  life  of  l 
bearing  is  a  function  of  both  speed  and  load.     Therefore  if 


:"•.•  si'-ecd  is  incrcaseJ.  tlie  load  must  be  correspondinsl."'  de- 
,;-4.i.i-vl  or  llu'  hlf  of  Iho  bc'aring  will  be  shortened.  Using 
the  [•u>iV'rtion  of  ball  to  tin;  shaft  diameter  given  in  Table 
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37,  the  safe  load  in  relation  to  the  speed  may  be  found  by 
the  formula 

^ 5^' W 

where  L  =  total  load  on  the  bearing; 
fc  =  strength  of  ball; 

5  =  speed  of  the  ball  races  in  feet  per  minute ; 
N=  number  of  balls  carrying  the  load ;   in  horizontal 
bearings  =  I  of  the  total  number. 
Exercise  140. — Design  a  lathe  grinder  of  the  form  shown 
in   Fig.   286  provided  with  four-point   ball  bearings.      Make 
the  emery-wheel  6"  in  diameter  Xi"  thick,  belt  drum  ij"  in 
diameter  and  length  suitable  for  a  i^"  belt.     The  diameter 
of  the  shaft  (Z?)  =  4". 

Show  an  elevation  with  one  of  the  bearings  partly  in 

section,  a  HALF  END  view  and  a  HALF  SECTIONAL  END  VIEW 

as  shown  in  Fig.  286.     Scale  tivice  full  size. 

Thrust  Bearings._The  difficulty  experienced  with  the 
ordinary  pivot  or  thrust  bearing,  due  to  the  velocity  increas- 
ing as  the  distance  from  the  centre,  is  overcome  by  the 
application  of  balls  to  this  type  of  bearing.  The  designs 
shown  in  Figs.  287  and  288  are  made  by  the  Boston  Ball 
Bearing  Co.  and  may  be  used  on  either  vertical  or  horizontal 
shafts.  The  balls  are  held  in  place  by  the  cage  C  the  use  of 
which,  although  tending  to  increase  rather  than  diminish  fric- 
tion, facilitates  the  placing  and  removing  of  the  balls,  and  by 
its  use  the  balls  can  be  placed  at  various  distances  from  the 
centre  cf  the  shaft,  thus  increasing  the  time  the  bearing  will 
'un  before  wearing  grooves  in  the  plates  PB,     In  Fig.  288 


36a  DSAHJKC   A\D   DESIGA-JXG. 

the  balls  are  arranged  in  spirals;  thus  every  ball  nmsooi 
sepaialf  path,  and  the  tcodency  to  wear  grooves  is  redcctd  to 
a  minimum.  The  small  cages  are  made  in  one  piece,  as  ii 
Fig.  287,  and  the  balls  are  pat  into  position  by  springing  the 
C^e.  while  in  the  large  cages  the  top  is  fastened  to  the  under 
side,  by  rivets,  after  the  balls  are  tn  position,  as  in  Fig.  2%l 
The  cages  are  made  from  ^"  to  ^"  thick.  The  thickness  (f) 
should  not  be  less  than  ^  the  diameter  of  the  ball,  and  the 


Fig-  28 ?■ 


distance  e  should  not  be  less  than  J  of  the  ball  diameter. 
The  centres  of  the  ball  races  are  i  of  a  ball  diameter  apart. 
The  liub  //  is  screwed  to  the  shaft  by  means  of  one  or  more 
sct-scrcws  (5),  the  diameter  of  which  may  be  made  .2D,  but 
not  greater  than  J".  L  =  2t  ■\-  id,  but  not  less  than  J/J. 
,.  =  .12D. 

}}'  =  zD  when  D  is  less  than  2".  and  =  1.7  when  D  is  2" 
,,i  uvcf.  Tlie  load  and  speed  to  which  this  type  of  bearing  is 
.  i.lij-ttuiJ  will  determine  the  number  of  balls.    Taking  the  size 
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of  ball  in  proportion  to  the  diameter  of  the  shaft  from  Table 
No.  37,  then  [rom  formula  No.  6 

Ly.S 


N  = 


/. 


ExerdBC  141. — Design  a  thrust  bearing  of  the  form  shown 
..1  Fig.  287  for  a  4"  shaft,  to  carry  a  load  of  760  lbs.  and  run 
at  a  speed  of  6c»  revolutions  per  minute.      Scale  full  size. 

Stufiing-boxes. — To  prevent  leakage,  when  rods  work 
through  the  walls  of  a  chamber  containing  fluid,  the  rod  is 
passed  through  a  cavity  filled  with  an  elastic  material  which 
will  adjust  itself  to  any  irregularities  on  the  surface  of  the 
rod.     Fig.  289  shows  a  stufflng-box  suitable  for  a  horizontal 


Fig.  aSg. 
steam-engiNe   piston-rod,   and    Fig.   290  one  arranged   for  a 
vertical  steam-engine  piston-rod. 

The  stuffing-box  SB  may  be  made  a  separate  piece  and 
bolted  to  the  cylinder-head,  as  in  Fig.  289,  or  cast  with  the 
cylinder-head,  as  in  Fig.  290.     Part  of  the  box  SB  \s  bored 
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larger  than  the  diameter  of  the  piston-rod  PR^  thus  leaving  a 
space  5  around  the  rod  which  is  filled  with  packing  consisting 
of  a  fibrous  material  saturated  with  oil  or  tallow.  The  pack- 
ing is  pressed  against  the  rod  by  screwing  down  the  gland  G^ 
which  is  generally  made  of  brass  for  rods  under  4"  in  diam- 
eter, as  in  Fig.  289,  and  of  cast  iron  lined  with  brass  for 
the  larger  rods,  as  in  Fig.  290. 

Proportions, — The  proportions  of  the  stuflfing-box  are 
generally  decided  by  the  conditions  under  which  it  is  used ; 
thus  the  box  is  generally  made  longer  for  a  high  than  a  low 
pressure.  However,  under  any  conditions,  the  longer  the 
box  the  longer  will  the  packing  last. 

The  following  proportions  are  suitable  for  average  pres- 
sures and  speeds,  and  could  be  used  for  high  pressure,  but 
would  require  to  be  repacked  comparatively  often : 

L  =  2D  for  rods  2'^  or  less  in  diameter; 

L  =  ikD  for  rods  between  2"  and  3"  in  diameter; 


L  =  iJZ?  "     " 

<< 

^//        4  1          .'/      <i                 4  1 

3           4 

L  —  D+  i"  for  rods 

over  4.''  in  diameter; 

/.  =  .75^;      T  = 

i^ 

in 

nearest  ^^ ' 

D'=  i.75i?+.25 

• 

f 

/=.5Z?  +  i"; 

</=  .2D; 

r=d+i'': 

C=  i^£>  +  2d; 

£  =  n'  +  i"; 

^  =  '/+i"; 

t,  =  d; 

^=2i?; 

d'  =  from  i"  to  f ". 

Exercise  142. — Draw  a  stufifing-box,  in  which  soft  packing 
ia  ko  be  used,  for  a  horizontal-engine  piston-rod  (Fig.  289). 
Make  D  =  if"  in  diameter.     Scale  full  size, 

Ezerdae  Z43« — Draw  a  stuffing-box  (Fig.  290),  in  which 


■oft  packag  M  to  be  tscd.  krihe  T  T  ijfciiii  iif  i  i  f  ' 
tUam-ra^ae-     MaJkx  D  =  4".     ThidBcs  of  cTfi^^tnS 

have  beadeviKil  lengiboetW  soAfocfcH^L  Ok  aJ  &e 
Most  iwiK  irfri  B  Am  kBon  as  tW  UaiitBd  States  Hetaffic 
Padna^  A  tfeaea  ihowag  tW  ^jf'^-'^—  of  tltb  fan  «I 
padoag  MtaUe  JorliMihiai  iimil  s«ea— -capar  {»too-ro<js » 
showa  n  Fiig.  291.  t  is  ks»«a  as  the  "double 

pacfciag  "  aad  b  pea  srCs  erf  tlw  oadiBaiT  fonc  of 

|m't;«g  I  viBp  il  ta  B  a  Fie>  291  tiK  backpackii^ 

Mt  portljr  n  sexttoo.    Tbc 
f>(  bal  al  riap  A,  B,  and  iT  wiuch 

are  cut  ta  liahvs  and   I  lo  the  cap  //'  by  the  spin) 

qtrii^  S.     Oa  tke  packii^  er  IW  iTliader  tbe  qtring  5 

w!I!  be  aided  bv  tbc  fteam-pit=  Bit  acting  on  the  follower  f- 
T.'.t  r.-.--  -ri,  Jr.  \' I  L  ir:;  conjcal.  and  being  forced  into 
•.'r.t  :  :---:  '  -  '-".;•"  r:.-.ztl  :  .-  .-'.  the  c--p-Hn-i  ciLi^e  and 
pr.-  ...'-:  ::.-.  ■,.-:. '-:.L  .■-.-..  The  c-?  //  re;:?  a-ain^l 
::.:  -' ^\  -----  '-'-  '-■'--  '  ■  ,■  .'-.  ...;r.  forms  a  ban-and'-ocket 
■  ■  ■:  ■■.'-.    -"  -    :_:cr  :i^.r.,    .-"    :r  preventer/*'.      As  the  cup 

t-r:\  ■-  :re;  :.  r  :-:  -\  :..t  c-^s.r-  'J  or  P\  ihe  paclcin;;  never 
bir.i?  :■.--  r:  :  r.  r  .-.7.i-:Ti'.-B  ;:  ir.  ir:y  way.  The  packing  is 
pr--*--r:-.:ei  :r  rr.  iriv.;-^  bi;'^;  v.;;h  the  rod  (beyond  a  small 
mo  ■•  erne:'.:    by  :::e  ■'.:■.'  ;^  rr.  the  follower  /"coming  in  contact 


:he    arrangement  of    United    States 
.  F;^.  291.      Scale  full  sizf. 
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Cross-heads  and  Guides. — When  the  connecting-rod  is 
inclined  toward  the  direction  in  which  the  piston  is  moving  it 
will  exert  an  upward  or  downward  pressure  according  to  the 
direction  in  which  the  engine  is  running,  and,  unless  special 
means  are  employed,  would  tend  to  bend  the  piston-rod  or 
force  it  out  of  its  straight  path.  To  prevent  such  an  occur- 
rence the  piston- rod  end  is  provided  with  a  cross-head  which 


Fig.  292. 

slides  on  surfaces  that  are  parallel  with  the  piston-rod,  called 

guides. 

Cross-head  Blocks. — Assuming  that  steam  is  not  cut  off 

before  midstroke,  then  the  thrust  caused  by  the  obliquity  of 
the  connecting-rod  will  reach  a  maximum  when  the  crank  is 
nearly  at  rij^^ht  anodes  with  the  line  BO  (Fig.  292). 


Taking  L 
R 

P 

P' 
V 

A 


load  on  piston ; 

thrust  of  the  connecjjng-rod ; 

r 

Steam-pressure  per,'$qttarc  inch; 
intensity  of  pressure.j^er  square  inch; 
velocity  of  cross-head  in  feet  per  minute; 
area  of  the  bearing-surface  in  square  inches,- 


then 


L',R'.  \BO\AO. 
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Therefore 

r      AO       >  AO 


Taking  the  length  of  the  crank  OA  as  the  unit,  then 


VV-  l'        4«"-  1  f^«--  I 

where  n  =  ratio  of  connecting-rod  to  crank. 

Pressure  on  Rubbing-surfaces. — There  is  great  diver- 
sity of  opinion  as  to  the  proper  intensity  of  pressure  on  the 
guide-blocks.  It  varies,  according  to  the  different  authori- 
ties,   from  22  to  500  lbs.  per  square  inch.     Thurston  gives 

40000 
if  =  — p— ,    and  that    this  value  jn   marine   and   stationary 

engines  may  be  exceeded  to  the  extent  that  /'  =  60000  -^  V. 
Then 

A  =  • = .     ...     (7) 

40000     40000  ( ♦ «'  -  I)  ^^' 

m 

In  many  cases  of  ordinary  stationary-engine  practice, 
especially  on  engines  having  four-bar  guides,  the  above 
formula  would  give  a  very  short  block,  and  as  there  is  gener- 
ally no  difficulty  in  providing  large  rubbing-surfaces,  we  find 
the  areas  increased  as  large  as 

A  =  ''.'^.     .......     (8) 

25000  ^         ^ 

where  1^=  velocity  of  piston  in  feet  per  minute  =  (length  of 
stroke  X  twice  the  number  of  revolutions  per  minute). 

The   cross-head  should  always  be  designed    so  that   the 
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resultant  pressure  (i?)  on  the  guides  will  have  its  point 
resistance  at  the  centre  of  the  cross-liead  rubbing^urfaces, 
shown  in  Fig.  292. 

Wrist-pin. — ^The  connecting-rod  is  attached  to  the  croM* 
head  by  the  pin  CP^  Fig.  293.  In  this  form. of  joint,  as  the 
velocity  is  low  and  the  pressure  constantly  changing  in  direc- 
tion and  magnitude,  the  allowable  pressure  per  square  inch  b 
comparatively  high,  reaching  in  some  designs  as  much  as 
1400  lbs.  per  square  inch.  Seaton  say^  that  the  pressure  per 
square  inch  should  never  exceed  1200  lbs.  per  square  inch  of 
projected  area  {d  X  /)• 

When  the  total  load  on  the  pin  is  taken  as  ^he  nuudmum 
load  on  the  piston,  i.e.,  the  initial  steam-pressure  X  area  of 
piston,  the  length  of  the  pin  is  generally  made  to  equal  from 

dX,o  1.3d. 

Taking  the  length  /  =  rf,  then 


^/> 


When  the  length  of  the  pin  is  ni.idt:  equal  to  |  of  its  diameter, 
then 

d  =  A  ^      . . 

v    / 

Taking  the  value  of/'  =  1200,  then 

d=  VL-t- 40     and     /=  4/£^30.    .     .     (10) 
A  pin  proportioned  to  either  of  the  above  formulsewfll  be 
amply  strong  to  resist  bending. 

Guide-bars. — When  the  guiding-surfaces  are  part  of  die 
frame  the  guides  are  bored  and  the  bearing-surfaces  on  the 
cross-head  are   turned    as  in  Fig.   297.     This  arrangement 
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reduces  the  number  of  pairts,  which  is  alwasrs  m  good  pehtii 
designing,  as  it  not  only  decreases  die'.  Imbo/  but  also  tiie 
liability  to  error  in  fitting  up.  When  nudcaepanite  the  bel^ 
ing-surfaces  are  flat,  and  the  guide*bai]p  atcgcncfally.of  net- 
angula.-  (when  of  steel)  or  T  section  (when  of  cast  irtMi). 

To  prevent  the  formation  of  ridges,  due  to  the  travel  of 
the  cross-head  varying  as  the  wear  on  l£e  conaectlng-nxl 
joints  is  taken  up,  grooves  are  cut  across  the  ban  over  whidi 
the  ends  of  the  cross-head  blocks  {i^B)  project  at  tbe  end  of 
each  stroke. 

Strength  of  Guides. — The  greatest  prealure  on  the  ban 
occurs  when  the  cross-head  is  nearly  at  the  centre.     Then  the 

bending  moment  Is  =~7~  ^nd  the  moment  of  resistance  to 

bending  =fZ.     Where  Z  is  the  modulus  of  section,  given  is 

Table  No.  29. 

The  Length  of  Guide-bars  between  distance-pieces  b 
=  to  the  stroke  +  the  length  of  the  block  -|-  end  clearance, 
which  may  be  made  =  1"  at  each  end. 

Four-bar  Guide. — The  arrangement  shown  in  Fig.  293  Is 
that   used   on   the  cycloidal   engine  (Atlas   Engine    Works). 


Fig,  294. 


With  ihis  anangemcnt  the  pressure  P\%  equally  distributed  dO 
oach  ^ide  of  the  piston-rod,  which  is  guided  laterally  as  wdl 
as  vertically  by  the  cross-head  sliding  on  the  ini|A-  surfaces  of 
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lie  guide-bars  G.  The  piston-rod  PR,\s  secured  to  the  cross- 
tead  C  by  the  arrangement  shown  in  Fig.  294.  To  prevent 
:he  piston-rod  from  exerting  undue  pressure  on  the  stuffing- 
K>xes,  should  the  axis  of  the  piston-rod  not  coincide  with  that 
3f  the  cf OSS-head,  the  hole  through  the  shank  of  the  cross* 
head  is  made  larger  than  the  diameter  of  the  piston-rod, 
irhich  is  adjustable  and  held  in  position  by  means  of  the  set- 
screws  5.  In  this  arrangement  the  breadth  h  of  the  bearing- 
surfaces  on  each  bar  is  generally  made  equal  to  ^  their  length. 
The  area  of  the  bearing-surfaces  may  be  determined  by 
formula  No.  8.     Then 

*  =  /^and    /'  =  :5^. 

The  form  of  guide-bar  used  in  this  design  may  be  made  of 
cast  iron  or  steel,  and  proportioned  in  the  following  manner: 

Having  determined  the  breadth  b  and  the  length  Z, 
then  calculating  for  a  bar  of  rectangular  section,  secured  at 
both  ends  and  loaded  at  the  centre,  the  height  h  of  the  bar  at 
the  centre  will  be  found  by  the  equation 


from  which 


bX/X6' 

where  /  may  be  taken  at  3000  for  cast  iron,  and  6000  for  steel. 
Take  A'  =  .75  A,  then  the  area  of  the  web  will  be  = 
(A  X  ^)  —  {h'Xb),  and  taking  the  thickness  /  of  the  web  =  .4^. 
Then  the  height  of  the  web  at  the  centre  will  equal  area  of 
web  -r-  4^. 
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The  greatest  strain  on  the  stud-bolts  B  which  secore  the 
guides  to  the  engine-frame  is  diie  to  screwfaig  up.  They  may 
be  made  =  i }''  in  diameter*  To  allow  for  any  slight  inac- 
curacy of  workmanship,  the  holes  through  the  bars  are  made 
-^^  larger  than  the  diameter  of  the  bolts  j9»  and  the  bars  are 
adjusted  laterally  by  the  screw  S^.  The  bars  are  adjusted 
vertically  by  means  of  the  nut  N^  shown  in  Fig.  295^  which 
is  screwed  into  the  guide-bar  blocks  GB.  The  rubbing-sur- 
faces are  lubricated  by  oil-cups  screwed  on  to  the  upper  guide- 
bars.  The  oil  is  transmitted  to  the  lower  bars  through  the 
holes  O  on  the  cross-head. 

Exercise  145. — Draw  the  four-bar  guide  and  cross-head 
arrangement  shown  in  Fig.  293  suitable  for  an  ei^ne  having 
a  cylinder  12''  in  diameter  X  15''  stroke.  Initial  steam-pies* 
sure  75  lbs.  per  square  inch.  Speed  300  revolutions  pei 
minute,  and  a  connecting-rod  four  times  the  length  of  the 
crank.     Scale  4''  to  the  foot. 

Draw  also  details  of  the  adjusting-nut  A^and  the  cross- 
head  pin,  and  show  the  arrangement  of  fastening  the  piston* 
rod  to  the  cross-head,  taking  the  diameter  of  the  piston-rod 
=  2".     Scale  full  size. 

Two-bar  Guide. — When  two  guide-bars  are  used  they  are 
arranged  either  one  above  and  one  below  the  piston-rod  (in 
this  case  a  cross-head  of  the  type  shown  in  Fig.  29;r  is  uaed) 
or  both  guide-bars  above  the  piston  as  shown  in  Pig.  296* 
The  latter  arrangement  is  one  commonly  used  in  locomotive 
construction. 

The  pressure  is  on  the  upper  guide,  UG^  when  the  locomc^ 
tive  is  running  forward,  and  on  the  lower  guide,  LG^  when 
running  back ;  and  as  the  engine  is  generally  run  forward  more 
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than  back,  the  bearing-surface  on  the  lower  bar  may  be  made 
smaller  than  that  of  the,  upper. 

In  this  design  the  cross-head  C  is  of  cast  steel  and  provided 
with  a  brass  slide-block  5^  which  has  strips  of  babbitt  metal 
top  and  bottom.  To  fit  and  remove  the  piston-rod  easily 
from  the  cross-head,  the  shank  is  cut  and,  after  the  rod  is  in 
position,  it  is  gripped  by  screwing  down  the  bolts  CB  and  se- 
cured by  driving  a  tapeVed  cotter  through  it  and  the  cross- 
head  shank. 

The  hole  O  is  to  allow  for  lubricating  the  cross-head  pin. 
The  guide-blocks  GB  are  fastened  to  the  cylinder  at  one 
end  and  to  a  guide-bar  frame  at  the  other. 

Exercise  146. — Draw  the  cross-head  and  guide-bar  arrange- 
ment shown  in  Fig.  296.     Scale  j"  to  the  foot. 

Also  details  of  the  slide-blocks  SB,  guide-block  GB, 
cross-head  pin  CP,  cotter  C,  and  washer  W.  Scale  half  size. 
Cross  heads. — Adjustments  to  take  up  the  wear  or  for 
original  setting  may  be  accomplished  by  moving  the  guide- 
bars,  as  in  Figs.  293  and  296,  or  the  slide-blocks,  as  in  Fig. 
297. 

In  this  design  the  cross-head  C  is  hollowed  to  receive  the 
connecting-rod  end,  which  works  upon  the  pin  CP.  The  pin 
is  of  case-hardened  steel  and  is  kept  from  turning  by  the 
-J- inch  square- headed  screw  A'. 

Tlie  piston-rod  PR  is  screwed  into  the  cross-head  and  se- 
cured by  the  nut  LN.  The  socket  into  which  the  rod  PR  is 
screwed  has  flat  surfaces  on  the  top  and  bottom  to  give  clear- 
ance for  the  nut  S. 

The  diameter  at  the  end  of  the  socket  is  equal  to  the  dis- 
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ItaBite  MV^—- I  oJ  «f  tbe  fonn  downj 

Fig.    »97.     dtowe    -    —  WATBOBK,    CXD    ELEVATI 

pjkKTl.T  n(  scmox,  omI  a  SH    BKU.  flax,  the  pbae  of 
sectioa  pasacB^   dmcwgfc    the  <BBrtrc  of  ibe   cross-head  pin. 

/■:-""'  '■■-—T  r-i  :r.»  inclination  nccessarj-  to  give 
the  rs;-;r;i  v:r-,.:i:  rr.  iv-rr.er.t.  ~a.-k  oiT  on  the  centre  line 
<j-  the  ciitirc-  :r:rr.  th-  ;er;re  of  the  pin  tT/*  to  the  point  C, 
^r.d  :r.r.-^r.  '.  criv-  :he  lir.e  .1/  at  right  angles  to  a^  and 
e.j-^:.I  t'j  the  h''-.ri;^',r.ti;  rr.Qti:r.  o:  the  slide-blocks,  and  through 
./  dra-.v  </;■  equa;  tv  the  vertical  movement. 

The  line  drawn  through  the  points  cf  will  have  the  required 


Fig.  2f|S  shows  a  form  of  cross-head  used  on  the  U.  S. 
cruiser  Olympia.  In  this  design  the  wrist-pin  CP  is  outside 
of  the  cross-head,  and  tliere  arc  two  bearing- surf  aces  on  the 
connecting-rod  end.  The  slide-blocks  SB  are  secured  to  the 
cross-head  C  by  the  bolts  B.     To  allow  the  removal  of  the 
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slide-blocks  while  the  cross-head  isin  position,  oneof  the  pro- 
jecting lips  L  on  each  block  is  removable  and  held  in  place  by 
the  bolts  5.  To  facilitate  the  removal  of  the  piece  L,  it  is 
provided  with  set-screws  5.  The  piston-rod  PR  is  secured  to 
the  cross-head  by  the  nut  shown  in  Fig,  67,  page  100. 

Fig.  299  is  an  isometric  sketch  of  the  complete   cross- 


Exercise  148. — Draw  a  general  arrangement  of  the  cross- 
head  shown  in  Fig.  299.    Show  a  FRONT  ELEVATION,  a  half 
PLAN,  and  a  HALF  sectional  plan  of  the  top,  the  plane  of 
section  passing  through  the  centre  of  the  wrist-pin.     Scale  4. 
inches  to  the  foot. 
^^     Eccentrics. — The  eccentric  is  a  form  of  crank  in  which 
^■te  radius  of  crank-pin  is  greater  than  the  sum  of  the  radii  of 
^^Kb  crank  and  the  shaft,  as  shown  in  Fig.   300,  where  the 


38o 
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crank  is  shown  by  dotted  lines,  and  the  eccentric  by  full  lines. 
It  is  used  for  converting  circular  into  reciprocating  motion. 
For  this  purpose  its  action  is  identical  with  that  of  a  crank, 
and  as  the  eccentric  absorbs  more  power  than  the  crank 
(owing  to  the  greater  leverage  at  which  the  friction  acts)  it 
is  used  in  preference  only  where  the  throw  is  comparatively 


Fig.  300. 

short.  The  eccentricity  or  throw  of  the  eccentric  is  the 
distance  r  from  the  centre  of  the  shaft  to  the  centre  of  the 
sheave.  The  stroke  of  the  reciprocating  piece  worked  by 
the  eccentric  is  equal  to  twice  the  throw. 

Fig.  301  represents  an  eccentric  used  for  working  the 
slide-valve  of  a  locomotive  engine.  The  eccentric  proper  is 
generally  called  the  sheave  c  pulley.  When  it  cannot  be 
passed  on  to  position  over  the  end  of  the  shaft,  the  sheave  is 
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made  in  two  parts,  P  and  P' ,  parted  on  a  line  passing  through 
the  centre  of  the  shaft  and  at  right  angles  to  the  horizontal 
centre  line  of  the  eccentric,  and  held  together  by  studs.    That 


the  strain  may  come  on  the  stronger  part,  F ,  the  key  and  set- 
screws  used  in  fastening  the  sheave  to  the  shaft  are  placed  on 
that  part.     The  eccentric-rod  ER  is  secured  to  the  strap  5  by 
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tlkc  b         S,B,B,.     The  hole  through  the   strap,  for  the, 
centre-boh  S, .  is  elongated  that  the  rod  EH  may  be  adjusted 
Etbe  vabre. 

r.  —  The  thickness  /  of  the  sheave  may  be 
}/>  —  f,  iiithaatiniinumof  i".  The  diameter  of  the  sheave 
will  then  ~  If-\-ir-^-2t.  The  breadth  B  of  the  sheave  may 
be  found  b]r  the  formula 


<A 

««  Z  =  kMtd  driv 

entric; 

If'  =  diainctei 

c: 

/  s:  allowable  ] 

r  square   inch  of  projected 

/,  =  area.  • 

ve  a  maximum  of  loo  lbs. 

Thkkness  of  kc\-  =- 

Breadth  of  key  = 

c  thickness. 

-   X   2  X  /, 


The  site  of  the  strap-Oun ?  should  be  proportioned  to 

r«>Ut  the  liud  driven  by  the  eccentric. 


whcie  .(',  —  di.inictcr  at  the  bottom  of  the  threads; 
/.  .     KvkI  liriveii  by  the  eccentric; 
/,    =  s.ife  St  rt-nt^th  of  bolts,  which  may  be  taken  at  2000 
llis,  I'tT  square  inch. 
The  si/c  of  the  rod-bolts,  assuming  the  load  is  resisted  by 
the  two  fitted  bolts,  m.iy  be  found  by  the  formula 


,/  - 


ENGINE  DETAILS.  l^l 

f  may  be  taken  at  3000  for  wrought  iron.  The  distance 
C  between  centres  may  be  made  =  3^. 

The  parts  marked  in  decimals  are  proportional  to  B^  the 
breadth. 

Exercise  149. — Draw  the  arrangement  of  eccentric-sheave 
and  strap  shown  in  Fig.  301,  proportioned  to  carry  a  load  of 
2300  Ibs.t  taking  the  pressure  per  square  inch  of  projected 
area  =  50  lbs. 

Draw  the  views  shown  in  Fig.  301 ;  also  a  SECTIONAL  END 
VIEW  looking^  towards  the  right,  the  plane  of  section  passing 
through  the  eccentric  at  the  line  cd.  Make  the  eccentric-rod 
ER  3i"  X  1''.     ScaU  half  size. 


COURSE  II. 
ELEMENTARY  MACHINE  DRAWING 

INCT.UDING 

DETAIL  WORKING  AND  ASSEMBLY  DRAWINGS, 
CONVENTIONS  FOR  DIMENSIONING,  INDICAT- 
ING FINISH,  NOTES,  BILL  OF  MATERIAL,  TITLE, 
STYLE  OF  LETTERING,  ETC. 

Prerequisites  before  Beginning  Course  11.  Students  must 
have  completed  Course  I  as  contained  in  Reid's  Mechanical 
Drawing,  or  an  equivalent  course  consisting  of  Lettering,  Geo- 
metrical Drawing,  Orthographic  Projection.  Developments,  In- 
tersections, Isometrical  Drawing  and  Working  Drawing. 
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MINIMUM  NUMBER  OF  PLATES  AND  MAXIMUM  NUM- 
BER OF  HOURS  ALLOWED  TO  COMPLETE  EACH 
DIVISION   OF   THE  WORK. 

FIRST  SEMESTER, 

Plates  i  and  2.  Consisting  of  screws,  bolts,  rivets  and  riveting 
and  bolt  fastenings^  must  be  completed  and  handed  in  on  or 
before  Friday,  October  9,  1908.        (26  hours.) 

Plates  3,  4,  and  5.  Consisting  of  anchor  bolt  and  locking 
devices,  knuckle  and  cotter  joiniSj  and  shaft  couplings,  must 
be  finished  according  to  directions  and  handed  in^  on  or 
before  Friday,  November  20,  1908.     (36  hours.) 

Plates  6  and  7.  Consisting  of  universal  shaft  coupling  and 
pipe  couplings,  must  be  finished  and  handed  in  on  or  before 
Friday,  December  18,  1908.     (24  hours.) 

Plates  8  and  9.    Consisting  of  post  bearing  and  pedestal  bearings 
must  be  finished  and  handed  in  not  later  than  Friday,  Jan- 
uary 29,  1909.     (24  hours.) 
Students  failing  to  finish  any  of  the  divisions  of  the  work 

within    the  time  specified,  because  of  excused  absences,    may 

make  arrangements  with  the  Instructor  to  work  in  one  or  more 

extra  periods. 

Students  doing  more  work  than  is  required  in  the  given  time 

wOl,  other  things  being  equal,  receive  a  higher  mark. 

END  OF  first  SEMESTER. 
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Note. — Registered  Freshmen  conditioned  in  Machine  Draw- 
ing will  be  required  to  complete  satisfactorily  the  following  plates 
of  this  course  in  addition  to  the  plate  shown  in  Fig.  302 :  i,  2,  5, 
8, 10,  and  13,  according  to  the  directions  given  in  the  text  Con- 
ditioned students  must  work  at  least  six  hours  per  week.  When 
the  above  plates  are  finished,  work  on  the  regular  Freshman 
Machine  Drawing  may  be  conmienced. 


SECOND   SEMESTER. 

Plate  10.    Consisting  of  pulley  and  spur  gear,  must  be  completed 

and  handed  in  on  or  before   Friday,    February    19,  1909. 

(15  hours.) 
Plates  ii  and  12.    Consisting  of  disk  valves  and  globe  valve y 

must  be  finished  and  handed  in  on  or  before  Friday,  March 

19,  1909.     (21  hours.) 
Plate  13.     Consisting  of  marine  cross-head,  must  be  finished  on 

or  before  April  9,  1909.     (18  hours.) 
Plates  13  and  14.    These  plates  must  be  finished  and  handed 

in  on  or  before  May  21,  1909.     (36  hours.) 
Students  failing  to  complete  any  of  the  divisions  of  the  work 
satisfactorily  within  the  time  allowed   (for  good  reasons)  may 
make  arrangements  with  the  Instructor  to  work  in  one  or  more 
extra  periods. 

Students  doing  more  than  the  required  amount  of  work  in 
the  given  time  will  receive  a  higher  mark,  other  things  being  equal 

END  OF  SECOND  SEMESTER. 
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students'  conduct  in  class. 


Students  will  be  expected  to  give  strict  attention  to  their 
drawing  work  during  the  full  time  of  each  drawing  period. 


TMfO^esr/t^M  WS£.S)fymA^  /V  ti^CMMS      Aff^Omr  HIMAOS  thus       »    A^r   TMUS  > 


\l_  ]^ 


TT3(— 3 


-^ 


>9^rmi'— 


3: 


J 


ffi3 


S^»'. : — — 


^-y»*: 


I 


s^naf 


Fio.  302. 

Materials  and  instruments  must  not  be  put  away  until  the 
warning  bell  rings. 

Nothing  should  be  brought  to  the  drawing  table  that  is  not 
needed  for  the  drawing  work  in  hand. 

If  a  student  expects  to  be  absent  from  the  class  he  should 
endeavor  to  get  excused  by  the  Instructor  and  make  arrange- 
ments for  making  up  the  work. 


C  Z'lJi^.'SC    AS!     r.L5;«J.V7.VC. 


A  srudcr.:  cccnlnE  lir.t  ic  cLa£5  s>onId  Tvpcrt  az  mkt  to  die 
S'S^JTJJT.   fxhtrwis^    ht   -kIH  be    markwi   vidi  an  uncacused 

A  reucir.  from  *he  In?'.ruc:ar  caDoeming  the  dtporiwiaU  of 
Lch   b'uden:  in   daie    1^    expected  br  ihe    Dean    tvrxx  two 

lonthi. 

^^*ben  a  r.uden:  i^  absen:  from  class  through  an  unfcHeseea 
iu^.  he  should  a:  ihe  nex:  regi/iar  period  fill  out  an  absence 
Lack,  2!v!i:g  dale  and  cause  of  absence,  sign  it,  and  hand  to  the 
aiTjucv-pr. 

The  work  of  all  absent  periods  must  be  made  up  bv  arrange- 
lent  with  the  Instrjaor. 

Plate  i.  F:z.  55.  Exs.  29,  page  131.  32,  page  142,  and  4, 
a^e  ^^.  Thld  plate  should  be  laid  out  similariy  to  that  shown 
n  j^agc  Vy^-  See  Fig.  304  for  standard  bill  of  materiaL  Di- 
ncn-ion*  for  standard  title  are  given  in  Fig.  304. 

t;<-  a  (;  H  ;KTiC::  .shanxme^:  :o  a  long  wedge-shaped  point 
Lnd  dra-.v  •?:♦:  f.g.:rc-  v.i-.h  f:r.c  light  lines,  beginning  at  the  upper 
f-f:-hand  comc-r  of  :he  >htv:.  In  planning  the  positions  of  the 
lifTtrcnt  cx«:rci<-^  take  into  account  the  space  requiied  for  the 
itlc  and  the  bill  of  material.  All  the  exercises  should  be  com- 
pleted in  fine  pencil  lines  and  submitted  to  the  Instructor  fof 
approval,  after  which  the  drawing  is  to  be  cleaned  and  aU  the 
[riven  and  required  lines  are  to  be  relined  in  strong  lines  with 
a  4  H  i^ncil  sharj^ened  to  a  long  conical  point,  not  too  shaip. 
Thr-  riimenhion  lines  may  now  be  placed  to  the  best  advantage, 
usin^r  a  fine  sharp  line  drawn  with  the  6  H  pencil.  Care  should 
be  taken  when  locating  dimensions  rnrcer  to  place  figures  on  top 
(,f  a  line  or  even  too  near  a  line  when  it  can  be  avoided.  The 
dimen.Mons  should  stand  out  on  the  clear  paper  to  avoid  con- 
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imoQ.     Great  care  should  be  taken  in  pencilling  in  the  title 
nd  bill  of  material  to  see  that  it  is  neatly  and  correcdy  lettered. 


Bsiie  above  directions  will  apply  to  the  pencilling  of  oA  draw- 
^B  in  this  course,     Plate  t  will  be  a  lioished  pencil  drawing, 


Ej».  «,  3^  II.  «a.  «i  13.  V^*  70  to  77.    Tlus 
i  ^^Ari  K  f^*^  **  ^  Ft>K  I.  nd  wim  signed 


by  ihc  Instructor  ::  is  to  be  Iraccd  on  cloth  and  blue-pnnlcd. 
'Vhc  prn]Hiniiin,-.  for  ihe  diiierent  styles  of  bolt-heads  that  are 
iini  V.  S,  si^indard  will  be  found  on  page  75.  The  plan  of  the 
Miuan-  mil  in  Ex.  0  and  the  hexagonal  nut  in  Ex.  10  are  to  be 
omiiU\t,  bul  .-ipace  should  be  provided  for  a  plan  of  the  hook 
bolt,  omittinfi  the  nut  and  washer.  In  Ex.  13  show  uie  hexago- 
nal nut  across  corners. 
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ATE  3.     Exs.  17  and  22,  pages  85  and  -104.    This  plate 
M  finished  in  pencil  only.    Read  the  text  carefully,  de- 


ng  the  different  kinds  of  foundation  bolts,  viz.,  the  rag  bolt, 
£vAs  bolt,  and  the  anchor  bolt.    Study  also  the  require- 
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ments  of  the  problems  and  the  given  data.  Before  cominencing 
the  drawing  for  Ex.  22  the  student  shoiJd  study  the  text  it- 
scribing  the  different  styles  of  nut-locking  devices.  Locale  tie 
drawing  for  Ex.  22  in  the  upper  right-hand  comer  of  the  sheet 
and  use  only  half  of  the  plan  shown. 

In  Ex,  17  assume  D  the  diameter  of  the  washer  at  6}"  lut  ' 
draw  to  scale  given. 

Plate  4.  Exs.  23,  24,  and  26,  pages  108  and  120.  Use  only 
Fig.  84  of  Ex.  26.  Joints  to  be  made  of  wrought  iron.  Finish  in 
pencil. 

Plate  5,  Exs,  44  and  50,  pages  167  and  178.  In  Es.  +4 
place  the  longitudinal  elevation  at  left  end  of  sheet  and  the  end 
elevation  to  the  right  of  the  front  elevation  and  draw  also  a  fkn 
above  the  latter,  showing  the  upper  half  removed.  Make  square 
key  i  of  the  diameter  of  the  shaft. 

In  Ex.  50  assume  D  at  17J".  This  plate  is  to  be  fmished  m 
pencil  and  traced. 

Plate  6,  Ex.  53.  Page  185.  Make  detail  working  draw- 
ing. .-]//  the  parts  arc  to  be  separated  and  fully  dimensioned. 
Finish  in  pencil. 

Plate  7.  Exs.  56,  58,  and  64,  pages  igi,  194,  and  202. 
In  Exs.  56  and  58  make  the  inside  diameter  of  pipe  6".  Make 
elevations  and  sections  for  all  three  problems  the  same  as  given 
in  Ex.  55.  Make  finished  pencil  drawing  with  title  and  bill  of 
material  as  usual. 

Plate  S.  E.vs.  70  and  log,  pages  214  and  304.  Use  Fig. 
225  in  the  latter  exercise.  In  addition  to  the  two  views  given 
in  the  textbook,  show  a  plan  above  the  main  elevation. 
Make  finished  pencil  drawing  and  trace  on  cloth.  Blue 
print. 
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COCRS£  nL 
FT  FXIEXTARV  SAACXONE    DRAWING 


r  Dmmmg.  Caaat  j,  Reid's 
!  of  G«omciTk^ 
,  ud  Devdop- 

A'tTvmai  Vxi.e»irC  iy-tw^£.  Coor^  2.  Reid's  Mechanical 

PTa»;=j  rr  ■:?  f-r.'-Ti:!:  rrci^jdrs  of  Isoroetrkal  Drawing, 
Ar-jh  :f-^i;  IVtili.  Sz^ii:  Mi-±:=e  E^eraiU.  Freehand  Skeiches 
o:  i—jC  —i,--  -;  TJjr;,  V\  rri!::;   Drswrcgs.  Traciogs  and  Blue 


I'r 


.-.—Read   carei'iiUy    the   direciions 
59S 


COURSE  m, 

ELEMENTARY  MACHINE  DRAWING, 

INIMUM  NUMBER  OF  PLATES  AND  MAXIMUM 
NUMBER  OF  HOURS  ALLOWED  TO  COMPLETE 
EACH  DIVISION  OF  THE  WORK. 

FIRST  SEAf  ESTER. 
Plates.  Hours. 

1-6      due  October  8 26 

7  "    October  19 8 

8  "    November  5 15 

9  "     November  16 8 

10  "    December  i 12 

11  "    December  17 15 

12  and  13    "     January  15 12 

14  and  15     "    February  2 15 

16  "    February  18 15 

17  and  18    **    March  18 20 

146 
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JCC 


ZjurvzX'j  AjcD  jBsnsnuK^ 


pencil  ihar^ened  oi  x  Idur 


,■-  on;  ^  b 

^■f 9.  ^,  ^ 


4H 


% 

u 

\ 

i 


—    9 


€■ 


]/}(?U-  the  lo-urr  TX)int  of  ihe  first  guide-line  12  squares 

from  top  an'l  7  square- from  left-hand  edge  of  cross-section  pad. 
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Guide-lines  should  be  sketched  Lightly  with  a  downward 
stroke  and  allowed  to  remain  until  letters  are  approved. 


»  ''  In  « 


SK  I  ^  ^  N^'^^ 

After  drawing  the  guide-lines  for  the  curved  letters 
analyze  the  lines  of  each  curved  letter,  as  given  on  the  ckari 
<m  the  blackboard  before  attempting  to  draw  the  curves 
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on  the  pad.  A  very  close  approximation  of  the  first 
curved  letter  as  it  appears  on  the  chart  should  be 
obtained  before  attempt'ng  to  draw  the  second  curved 
letter. 

Do  not  copy  the  letters  or  figures  on  pages  400  and  404,  the 
correct  form  and  proportions  for  all  the  letters  and  figures 
must  be  obtained  by  a  careful  study  of  the  chart. 

The  work  on  all  the  letters  and  figures  must  be  siridj 
freehand. 

Place  at  the  bottom  of  each  plate  at  the  right-hand  corner 
the  following  information :  Plate  number,  Section  (days  and 
hours),  Time  taken  to  finish  plate,  and  Natne,  e.g.,  Mos. 
and  Wed.,  2-4,  Plate  i.  Time,  4  hours ,  Name.  The 
height  of  these  letters  should  be  one  square  high  and  al 
capitals. 

Plate  2.  Freehand  guide  lines  must  be  drawn  for  all  letters 
and  figures  higher  tlian  one  square  and  allowed  to  remain 
until  letters  are  approved. 

The  same  care  as  to  proportion  and  form  ^ihould  be  ob- 
served in  lettering  this  j)late  as  in  Plate  r. 

Be  careful  to  balance  letters  and  numbers  on  all  pUtes 
so  that  the  same  space  will  appear  from  both  ends  of  line 
to  edge  of  pad. 

The  small  letters  should  be  extended  in  width  a  little  be- 
yond  the  proportion  given  for  the  larger  letters. 

The  open  letters  should  be  spaced  closely  together  and 
words  should  have  a  liberal  space  between  them,  say  i\ 
squares. 
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^<J  rr\  c«  nj  rj.  to  10  it)  Q 

Cr^  0)0,  tll1>i^«i«i> 

In  N  K?  «'")>"'«>'"* 

0-\  JL  V4.«,  «l")'^Sl<.<llO) 


^    )       \ )         VI   *\J  c\iC\l  Oiiot-loio"* 


OIB)  V'9_'0.^  <» 


ELEMENTARY  MACHINE  DRAWING,  405 

Pencil  three  words  only  of  the  small  letters  at  first  and 
submit  for  criticism  before  going  on  with  the  others. 

Use  Ball  pen,  No.  506,  to  ink  large  letters  and  No.  516 
for  small  letters  and  figures. 

Plates  3-6. — In  the  next  three  Utter  plates  the  directions  for 
guide-lines,  form,  slope,  spacing  of  letters,  and  for  width  of 
small  letters  should  be  carefully  observed. 

Plate  6.*  While  a  substantial  majority  of  the  leading 
drafting  rooms  in  the  United  States  are  in  favor  of  using  Gothic 
Capitals  exclusively  for  notes  and  titles,  there  are  a  number 
using  a  combination  of  Gothic  Capitals  and  Lower  Case  letters. 
So  it  is  deemed  wise  to  introduce  one  plate  of  Lower  Case  letters 
to  give  the  student  some  knowledge  of  their  form,  proportion 
and  construction. 

This  plate  should  first  be  pencilled  and  after  approval,  inked. 
In  addition  to  the  "Ball"  pen.  No.  516,  for  large  letters,  the 
small  letters  should  be  inked  with  Gillott's  No.  303.  All  pens 
when  new  should  be  "exercised"  a  little  before  beginning  to 
letter.  The  form  and  proportion  of  these  letters  as  given  by 
the  largest  letters  in  Fig.  310,  on  page  407,  should  be  adhered 
to  as  closely  as  possible. 

In  general  these  letters  should  be  made  with  down  strokes 
of  a  iiniform  pressure^    The  only  exceptions  are  the  letters  r 


^  All  letters  and  figures  should  have  uniform  slope.  Letters  and  figures  of 
square  high  should  have  a  full  half  square  slop)e. 

Each  plate  must  be  signed  by  Instructor  in  charge,  in  pencil  before  inking  and 
in  ink  when  plate  is  finished.     Plates  not  so  signed  will  be  rejected. 

When  plates  are  finished  and  signed  they  will  be  retained  by  the  student  until 
the  six  plates  on  Uttering  are  completed,  when  they  are  to  be  bound  with  paper 
binders  and  handed  to  the  Instructor. 
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This  plate  will  have  to  be  repeated  until  the  desired  results 
have  been  obtained. 

Plate  6-4,  Fig.  311.  This  is  an  extra  lettering  plate  for  those 
students  who  may  finish  the  required  plates  ahead  of  time.  The 
extra  plate  will  increase  the  grade  mark. 


Plate  7. 

Bolts  and  rivets    (Plate   i,  page  390).     Read   carefully   the 
directions  given  in  connection  with  Plate  i  on  page  390. 


Plate  8. 
Bolt  fastenings  (Plate  2,  page  392). 


Plate  9. 

Shaft  and  Pipe  couplings,  Exs.  44  and  58,  pages  167  and  194 
respectively. 


Plate  ic. 


Post  hanger  and  oil  cup  (Plate  8,  page  394) 


Plate  ii. 


Marine  crosshead  (Plate  13,  page  395). 


DRAttING    AND    DESIGNING. 


Plate  la. 


Problem  i.  Make  a  careful  freehand  sketch  of  either  ihe 
i^  J"  drop  hanger  or  the  post  hanger  to  be  found  in  the  drafting 
room.  Use  orthographic  projection  and  sketch  on  8"X  lo"  en 
section  pad  with  4  H  [jencil.  Use  only  one  side  of  the  paper. 
Sketch  three  views  of  body  and  detail  of  link.     All  dimensions 

notes,  tide,  and  finish  mar'" '  be  neatly  placed  on  skelch. 

Begin  the  sketch  by  drawing  all  1  e  center  lines  for  the  front 
and  end  elevations  and  the  plan,  sketch  center  line  for  detail 
of  link.  Make  size  of  sketch  to  suit  size  of  paper.  Lines  should 
be  sketched  very  lightly  at  first  and  when  sketch  is  approved 
the  lines  may  be  strengthened.  Put  on  all  dimension  lines  before 
measuring  the  object.  Sufficient  dimensions  must  be  placed  on 
sketch  to  enable  the  draftsman  to  make  a  working  drawing  fw 
the  pattern  maker  without  having  recourse  to  the  object,  afler 
the  drawing  is  commenced.  Sketch  must  be  signed  by  the 
Instructor.     Callipers  may  be  had  at  the  office. 

Plate  13. 

rrnblcm  1.  Make  workini;  drawlnt^  from  the  dfop  or  post 
h:inj;i,T.  as  \bv  ca.sc  mny  Ix',  from  the  sketch  made  in  Plate  8. 
Mak^-  rinislu-d  lancil  drawing'  scak-  (j"  =  i  foot.  Sec  Fig.  156, 
]AiyL  zjQ,  and  Fig,  159,  ])as;u  224,  for  similar  hangers, 

Plate  14. 

ProhUm  i.  >Iake  freehand  sketch  for  water  cylinder  i>t 
sii-am  |iiim|)  wiihoui  tlie  aiijacent  parts.  Make  longitudinal 
section   through   the  center  of  cylinder,   plan   of  top,   half  cross- 
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section,  and  half  end  view  combined,  also  cross-section  through 
^supply  and  deh'very  ports.  Scale  about  half  size.  Large  circles 
may  be  drawn  with  compass.  Follow  directions  given  for 
Plate  12. 

Problem  2.  Make  sketch  of  upper  valve  seat  of  water  cylinder. 
Show  top  and  bottom  views  and  turned  section  through  center. 
Put  on  dimensions,  notes,  finish  marks,  and  title  on  all  freehand 
sketches  unless  otherwise  directed. 

Problem  3.  Make  freehand  sketch  of  valve  chest  cover  for 
water  cylinder,  showing  top  and  bottom  views  and  turned  section 
through  center. 

Problem  4.  Make  freehand  sketches  of  the  following  remain- 
ing details  of  the  water  cylinder  of  steam  pump : 

1.  Piston  and  rod.  6.  Valve  seat. 

2.  Stuffing-box.  7.  Valve  disk. 

3.  Gland.  8.  Valve  spring. 

4.  Ring.  9.  Valve  cover. 

5.  Air  chamber.  10.  Valve  spindle. 

I,  2,  3,  4,  and  5  may  be  sketched  on  one  sheet,  using  another 
•sheet  for  6,  7,  8,  9,  and  10.  Make  all  necessary  views  and  com- 
plete as  before.     See  sample  sketch.  Fig.  313,  page  412. 

Plate  15. 

Problem  i.  Make  assembly  drawing  for  water  cylinder  for 
Steam  Pump  from  sketches  in  Plate  14.  Put  on  the  principal 
•dimensions,  notes,  title,  ard  bill  of  material.  Make  finished 
pencil  drawing  and  trace  on  cloth.    Scale  8"  =  i  foot. 


DRAWISG   ASD    ttESIG.SlXC. 
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Plate  i6 

Problem   i.    Make    freehand    sketches  of  either    globe  or 
safety  valve  in  detail  on  one  sheet  as  follows: 

1.  Globe  valve  body,  longitudinal  section,  half  cross-section 
ind  half  end  view  combined. 

2.  Valve  stuffing  box  and   bonnet,  half  elevation  and  half 
ection  combined,  and  plan. 

Problem  2. 

3.  Valve  spindle,  one  view. 

4.  Valve  spindle  nut,  half  elevation,  half  section  and  plan. 

5.  Hand  wheel,  half  elevation,  half  section,  and  plan. 

6.  Valve,  half  elevation,  half  section,  and  ^lan. 

7.  Valve  nut,  half  elevation,  half  siection,  and  plan. 

8.  Stuffing  box  cap,  half  elevation,  half  section,  and  plan. 
Problem  i. 

1.  Safety  valve  casing,  half  elevation,  half  section  combined, 
nd  plan. 

2.  Valve  seat,  half  elevation,  half  section  combined,  and  plan 

3.  Ring,  half  elevation,  half  section  combined,  and  plan. 
Problem  2. 

4.  Valve  spring,  elevation  and  plan. 

5.  Valve  spindle,  one  view. 

6.  Adjusting  screw,  two  views. 

7.  Valve  disk,  two  views. 

8.  Spring  washer,  two  views. 

9.  Adjustable  screw  bushing,  two  views. 

10.  Lock  nut,  two  views. 
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Make  detail  assembly  working  drawing  of  eitt 
fc»fctT  valve  from  sketches  made  in  Plate  16. 


3 


Fio.  314. 

This  drawing   must   be   fulh-  dimensioned   and   contaiit 
»,.^fs  title,  and  bill  of  material.     Finish  in  pencil  only.     Sc; 
«>«uiL 
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Plate  18. 

Problem  i.    Make  isometrical  drawing  of  lajrout  of  piping 
town  in  Fig.  315. 


Samples  of  couplings  and  piping  will  be  found  m  the  drafting 
Dom.     See  Fi;.  314  for  sketch  of  |"  globe  valve.     Diameter 


4i6 
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and  thickness  of  pipes^  length  of  9cnw,  etc,  can  be  obttM 
from  Table  7,  page  57. 

Fig-  316,  page  4x6,  shows  the  isometric  layout  of  die 
lines  of  the  piping.    Arrange  on  sheet  to  best  advantage, 
space  for  title  and  bill  of  material.    Letter  all  notes  voy  can- 
fully  using  lower  case  letters  and  Gothic  caps.    Make  caps  cae 


U-4^' 


Fi''..  316  • 

I 

third  higher  than  small  letters.     Scale  4'^->i  foot    Filddlxift 
pencil  and  trace.  / 

Plate  15. 

If  any  student  has  time  and  desires  to  increase  his  maiky 
he  may  make  as  an  extra  plate  an  assembly  detail  woriui^  draw* 
ing  of  a  chain  oiling  bearing  similar  to  that  shown  in  Ffg.  i6k, 
page  226,  except  that  it  shall  be  designed  for  a  iff''  shaft  ID 


\ 
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r  the  drop  or  post  banger  of  Plate  9.     Scale  =fiill  size, 
I  in  pencil  and  trace  on  cloth,  or  a  design  for  a  donkey 


b,  similar  to  that  shown  in  Fig,  317,  according  to  directiona 
nata  to  be  given  by  the  Instructor. 


PRESENT  PRACTICE  IN  DRAFTING  ROOM 
CONVENTIONS  AND  METHODS  IN  MAKING 
PRACTICAL  WORKING   DRAWINGS. 


Summary  Report  of  an  Investigation  made  by  the  Writer 
WITH  THE  Authority  of  the  Armour  Institute  of 
Technology,  Chicago,  III.,  into  the  Present  Prac- 
tice of  the  leading  Draftsmen  in  the  United  States, 

IN    THE    USE    of    STANDARD  CONVENTIONS    AND    METHODS 
WHEN   MAKING   COBfMERCLAL  WORKING  DRAWINGS. 

A  circular  letter  accompanied  by  a  list  of  thirty-five  questions 
was  submitted  to  two  hundred  leading  firms  in  the  United  States, 
embracing  nearly  all  kinds  of  engineering  practice. 

The  returns  have  been  exceedingly  gratifying,  and  especially 
so  has  been  the  spirit  with  which  the  "Questions"  have  been 
received  and  answered. 

Many  requests  have  been  received  from  chief  draftsmen  for 
a  copy  of  the  returns. 

The  questions  submitted  and  the  answers  received  are  given 
acmiewhat  in  detail  below. 

419 
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Q.  I.  Do  you  place  complete  information  for  the  shop  on  the 
pencil  drau-ing,  such  as  all  dimensions,  notes,  title,  bill  o! 
material,  scale,  etc.  ? 
Complete  informalion  is  placed  on  drawing  l»efore  tracing.    51 

Complele  information  is  placed  on  tracing  only 4^ 

Principal  dimensions  and  title  only  on  pencil  drawing i 

Draw  directly  on  bond  paper 10 

Did  not  answer  this  question 10 

Sometimes - 7 

Reasons  given  for  making  the  pencil  drawing  complele; 
To   arrange   notes.     To   save     ime.     The   tracing   is   not  ususHv 
made  by  the  draftsman  who  makes  tlie  pencil  drawing. 

Q.  2.  Do  you  ever  ink  the  pencil  drawing? 

Never  ink  the  pencil  drawing 91 

Generally  ink  the  pencil  drawing 7 

Sometimes  ink  the  pencil  drawing 8 

Sometimes  ink  the  pencil  drawing  and  shellac  it  for  shop  use.  i 

Use  Ixmd  paper 10 

Make  ])encil  drawings  on  dull  side  of  tracing  cloth i 

Ink  center  lines  of  assembly  drawing i 

Ink  center  lines  of  pencil  drawings  in  reii 2 

Q,  3.  Do  you  trace  on  cloth  and  blue  i>rint  ? 

.Mways  trace  on  cloth  and  blue  prim lOJ 

Blue  print  from  bond  paper 10 

lilue  print  from  Ixmd  paper  occasionally i 

Sometimes  make  ''  Vandyke  "  prints  for  .^iho]!  use 1 

Sometimes  use  paper  drawings  in  shop  for  jigs  and  fixtures,       I 

Q.  4.  Do  you  use  blue  prints  entirely  in  the  shop? 

V>c  blue  prints  altogether  in  shop     1C5 

Sometimes  use  [lencil  drawings  or  sketch 21 
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Sometimes  use  sketches  made  with  copying  ink 

Sometimes  use  prints  from  "  Vandyke  " 

Use  white  prints  mounted  on  cardboard  and  varnished 

Use  blue  prints  mounted  on  cardboard 

Use  sketches  for  rush  work 


5.  5.  When   tracing  do  you   use    uniform   wide   object   lines? 


Ever  use  shade  lines  ? 


Use  uniform,  thick  object  lines.     Never  use  shade  lines 100 

Sometimes  use  shade  lines ^ 21 

Use  shade  lines  on  small  details 5 

Always  use  shade  lines 14 

Experts  in  the  use  of  shade  lines  may  do  so  to  make  drawings 

clear i 

Shade  rounded  parts i 

Q.  6.  What  kind  of  a  center  line  do  you  use  ? 

Long  dash,  very  narrow,  and  dot,  thus : 42 

Long  dash  and  two  dots, 29 

Very  fine  continuous  line, 19 

Very  fine  dash  line,  long  dashes, 8 

Long  dash  and  dot  in  red, '■ 3 

Continuous  firie  red  line, 8 

Long  dash  and  three  dots,  i 

Long  dash  and  two  dots,  thus: 1 

2*  7.  What  kind  of  dimension  line  do  y 

Continuous  fine  line,  broken  only  for  dim''         . 52 

Fine  long  dash  line, 32 

Fine  long  dash  line  and  dot, 13 

Fine  continuous  red  line, 8 

Fine  continuous  blue  line,    4 

Fine  continuous  green  line,    z 


I 
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.  lo.  Do  you  use  a  border  line  on  drawings  ? 

Always  use  border  lines 97 

Never  use  border  lines 13 

Use  border  lines  on  foundation  plans,  to  send  out 

No  border  lines  on  detail  drawings 

Intend  to  discontinue  the  use  of  border  lines 

Border  lines  used  only  on  design  drawings 

Only  on  drawings  to  be  mounted  on  cardboard 

Only  used  for  trimming  blue  print a 

On  assembly  drawings  only i 

Width  of  margins  reported:   i",  i",  f ,  J'',  and  J". 

.  II.  When   hatch-lining   sections,   do   you   use    uniform   or 
symbolic  hatch  lines? 

Standard  symbolic  lines 59 

Uniform  hatch  lines  for  all  materials 44 

Shade  section  part  with  4H  pencil  and  note  name  of  material  4 

Symbolic  hatch  lines  and  add  name  of  material 3 

Uniform  hatch  lines  for  metal  only i 

Uniform  on  details,  symbobc  on  assembly  drawings 5 

Pencil  hatch  on  tracings  and  note  material  other  than  cast 

iron I 

Uniform  hatch  lines,  sometimes  solid  shading i 

No  uniform  svstem i 

Sections  tinted  with  water  colors  representing  the  metals . .  i 

.   12.  Is    the     pencil    drawing    preserved?      Is    the    tracing 
stored  or  do  you  make  "Vandyke"  prints  for  storing  away? 

Store  tracings  only 96 

Pencil  drawings  preserved  for  a  time 30 

Pencil  drawings  preserved 13 

White  prints  made  and  bound  for  reference i 

Tracings  kept  in  office  for  reference,  blue  prints  stored. •••  9 

"Vandyke"  prints  stored x 
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Um  "Vandyke"  u  substitute  for  imcing a 

AmngenuDt  dnwiogs  presencd,  delAil  dniwin^  destroj'cd 
after  j(^isc«i^>leted.    Pencil  drawings  used  Tot  gasket 

Ori^iiuJ  pencQ  di&wing  inked  and  stored  . 


AiKinbljr  drawings  and  layouts  preserved, . 
Phtent  <Ara  dnwings  preserved.  . 


Tried  "Vapdyke"  but  found  it  unserviceable,  tearing  easily. 

<i.  13.    Do  "you  use' 6H  grade  of  pencil  for  pencil  drawings  or 
what? 

6H 73 

4H,  moetty  ftw  figiucs  and  letters $1 

SH 16 

Ranging  from  aH  to  SH 5j 

<2.  14.    Do  you  use  plain  orthographic  projection  for  free-hand 
sketches?    Ever  use  perspecti\-e  or  isometrical  drawing  for 
sketches  ? 
Plane  orthographic  3d  angle  projection ^ 


Isometrical  drawing  for  sketches 15 

Perspective  for  sketches i 

Isometric  for  piping  layouts  and  similar  work 6 

Perspective  and  isometric  for  catalogue  work i 

Isometric  sometimes 6 

Never  use  free-hand  sketches 6 

One  says,  "When  we  run  into  other  than  onhographic,  men  are 
too  timid  and  not  sure  of  themselves-  In  perspective  drawings  wheo 
work  is  cylindrical,  workmen  get  mixed  up  on  center  lines. 

Q-  15-   What  sizes  of  sheets  do  you  use  for  drawings? 

9"Xi2" 13 
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i8"X24'' 20 

24''X36'' 19 

There  seems  to  be  little  uniformity  in  the  sizes  of  shop  drawings, 
about  67  firms  reporting  different  combinations.  A  few  have  no 
system  but  simply  make  the  size  of  sheet  to  suit  the  object  to  be 
drawn. 

Q.  16.  Do  you  use  red  ink  on  tracings? 

Never  use  red  ink  on  tracings 57 

Recently  discarded  the  use  of  red  ink 2 

Use  red  ink  for  pattern  figures i 

Use  red  ink  for  center  and  dimension  lines 8 

Use  red  ink  for  check  marks i 

Use  red  ink  for  existing  work  on  studies i 

Use  red  ink  sometimes 2 

Use  red  ink  on  occasions  when  it  is  desired  to  show  old  work 

in  red  and  new  work  in  black  (use  carmine) i 

Use  carmine  for  brick i 

«Qs.  17  and  27.  How  indicate  finished  surfaces  on  drawings? 
When  finished  all  over?  When  "file  finished,"  ground, 
planed,  bored,  drilled,  etc.  ? 


Finished  surfaces  indicated  as 
Finished  surfaces  indicated  as 
Finished  surfaces  indicated  as 
Finished  surfaces  indicated  as 
Finished  surfaces  indicated  as 


n  Fig.  I 65 

n  Fig.  2 16 

nFig.3 8 

n  Fig.  4 2 

n  Fig.  5 2 


Boimd  the  surfaces  with  red  lines 2 

£ound  the  surfaces  with  dotted  lines 2 

Name  the  finish  by  note  in  full 68 

Do  not  sj)ecify  machinery  method 6 

ISet  drawing.) 
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Q.  18.  Do  you  use  horizontal  or  sloping  lines  for  conventioa 
in  screw  threads? 


Soi^  Hoes,  see  Fig.  6. 


Fic.  7. 


Fig.  g. 


Horizontal  lines,  see  Fig.  8 ij 

Both 7 

Neither,  but  as  shown  in  Fig.  9 ,.  ^M 

Neither,  but  as  shown  in  Fig,  lo ^^ 
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Q.  19.   When  a  large  surface  is  in  section  do  you  hatch-line 
around  the  edges  only  ? 

Hatch-line  edges  only 6a 

Sometimes 3 

Hatch  section  all  over 54 

Do  not  use  hatch  lines;  shade  the  whole  surface  with  4H 

pencil 3 

Usually  show  a  broken  surface  line x 


/7<s  //. 


F/GJ2, 


Q.  20.  Do  you  section  keyways  in  hubs  or  show  by  invisibb 
lines  ? 

Section  keyways  as  shown  in  Fig.  11 73 

Show  keyway  by  invisible  lines,  see  Fig.  12 40 

Keyways  in  hubs  left  blank i 


Q.  21.    In  dimensioning  do  you  prefer  to  place  the  dimension 
upon  the  piece  or  outside  of  it? 

Outside  whenever  possible • 92 

Upon  the  piece 13 


th,  according  tu  size  and  shajjc  of  part  . 
to  rule 


Commenting  on  placing  dimensions  outside  of  piece  one  says, 

"It  entails  IcbS  confusion  lo  workman."     Another  says:    "So  as  U) 
make  detail  stand  nul." 

Q.  23.   Do  you  use  feet  and  inches  over  24  inches? 

Yes 69 

Use  feet  and  inches  o  4 

Uf«  feet  and  inches  Ow..  on  foundations  and  oullines  .  .      3 

Use  Tcet  and  inches  ovei         6 

All  inches 11 

For  pulleys  use  inches  ' i 

Inches  up  lo  10  feet  . .  2 

Start  feel  at  24"  thus:  _  a 

Usually,  but  not  always t 

Yes,  except  pilch  diametere  of  gears,  which  are  all  given  in 

inches 2 

Yes,  except  in  boiler  and  sheet  iron  work j 

V^c  feel  and  inches  over  iz" 6 

Inches  up  to  100" 3 

Inches  up  to  60" i 

Q.  23.   How  do  you  indicate  feet  and   inches?     Thus  2  ft.  4", 


2-  4"-  :>■;.  2"  4" — 5,  2  FT.  4"^2,  2f[.  4" — 13.     Both  2ft. . 
and  2-4" — I,  2FT.  4  IN. —  I,  2'  4" — 8,  2-4" — i. 


Q.  24.    Do  yon  dimension  the  same  [jarl  on  more  than  one  view? 
Mure  than  une  view  as  check 46 
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Q.  25.  When  several  parts  of  a  drawing  are  identical  would  the 
dimensioning  of  one  part  suffice  for  all,  or  would  you  repeat 
the  dimension  on  each  part  ? 

One  part  only 82 

Would  repeat  or  indicate  by  note 39 

"Left  to  judgment  of  draftsman  " i 

"  When  it  is  evident  that  several  parts  are  identical  the  dimensioning 
of  one  part  would  suffice,  'Would  never  leave  room  for  doubt.'" 

Q.  26.  Do  you  write  R  for  radius  or  rad.  ?    D.  for  diameter 

or  DIA.  ? 

RAD  . .  35       Rad  . .  .47      R....  32      rad...     i      r 3 

DIA  . .  41       Dia  .  .  48      D. ...  15      d  . . .  .     3      dia  . ..     4 
DiAM ....     I       Diam.  ...     3      diam 5 

Do  not  use  R.  or  Rad.,  dimension  only i 


• 


Q.  28.    Do    you    always    give    number  of    threads    per  inch? 
When  you  do  how  are  they  indicated  ? 

Only  give  number  of  threads  when  not  standard 67 

All  others  always  indicate  number  of  threads  in  a  great  variety  of 
ways.  A  few  of  the  different  styles  of  noting  the  threads  are  given 
below: 

}" — 10  Thr.     5THDS.  PER  i".    8thds.     4  threads  per  inch.     Mach. 
Screw  ia-24,  li"  XII,  16  P.  RH.  Vth.    U.  S.  S.    XVIII,  i"-8- 

U.   S.   S.      l"  TAP,   8   PITCH,   3    TH'D  R.   H.   SQ.    DOUBLE,    5"-!  8 

THDS.  R.  H.     OWN  st'd  io  thds.  per  inch.     For  pipe  tap  thus, 
i"  P.T.,  etc.,  etc. 

Q.  29.  How  do  you  "Mark"  a  piece  to  indicate  on  the  bill  of 
material? 

Number  it  on  drawing  and  put  a  circle  aroimd  it 34 
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By  name  or  letter ««  35 

By  pattern  number % 

By  s)rmbol  and  number J4 

Castings,  I,  II,  III,  Forgings,  i,  2,  3. 

Q.  30.    When   a  working  drawing  is  fully  dimeiisioiied  why 
should  the  scale  be  placed  on  the  drawing? 

For  convenience  of  drafting  room 25 

Check  against  errors n 

Not  necessary 18 

Scale  not  placed  on  shop  drawings i8 

For  convenience  in  calculations  and  planimeter  work 1 

To  give  an  idea  of  over-all  dimensions  when  these  are  not 
given.    ''  We  never  saw  a  drawing  so  fully  dimensioned 

as  to  warrant  leaving  oflF  the  scale  " 2 

"  If  a  drawing  is  to  scale  the  scale  should  be  on  the  drawing,  whether 
it  is  needed  or  not." 

"  It  gives  even'  one  interested  a  better  conception  of  the  proportions 
of  the  piece,  and  there  are  frequently  portions  of  a  design  which  do 
not  require  a  dimension  for  the  shop  to  work  to,  and  which  it  b 
interesting  to  scale  from  an  engineering  point  of  view." 

"To  get  approximate  dimensions  not  given  on  drawing." 

"Impractical  to  dimension  all  measurements  for  all  classes  of 
work." 

"Scale  will  tell  at  a  glance,  dimensions  would  have  to  be 
scaled." 

"To  obtain  an  idea  of  relative  size  of  parts  without  scaling  the 
drawings." 

"To  sketch  on  clearance."  "To  proportion  changes."  "When 
erecting  to  measure  over-all  sizes." 

"In  case  a  dimension  has  been  left  off,  the  scale  will  help  out." 

"  This  is  a  (question  of  opinion ;  some  will  not  have  the  scale,  otbeis 
insist  on  it."     "We  always  give  the  scale." 
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"  It  is  an  immense  help  and  time  saver  in  the  drawing  room." 

^'  Generally  no  reason.  In  our  work  we  combine  standard  apparatus 
by  *  fudge'  tracing,  and  it  is  convenient  to  know  scale  so  all  parts  will 
surely  be  to  same  scale." 

''In  discussing  alterations,  additions,  clearances,  etc.,  it  is  con- 
venient to  know  the  scale  instantly." 

"For  convenience  in  drafting  room.  We  often  put  an  arbitrary 
scale  on  with  a  reference  letter  indicating  scale  to  draftsman." 

"  To  give  toolmaker  an  idea  of  the  size  of  the  finished  piece." 

"As  an  aid  to  the  eye  in  reading." 
Above  are  some  of  the  reasons  given  for  placing  the  scale  on  the 

drawing.    Below  are  given  a  few  of  the  reasons  why  some  do  not 

place  the  scale  on  the  drawing. 

"Scale  should  never  be  used  in  shop,"  says  one. 

"  Not  necessary.     Sometimes  drawing  is  made  out  of  scale." 

"Not  advisable,  on  account  of  workmen  getting  into  the  habit  of 
working  to  scale  instead  of  to  the  figures." 

"  Know  of  no  good  reason  at  all." 

"  Believe  it  best  to  leave  scale  oflF." 

"  Should  not.    Drawing  should  never  be  scaled." 

"  Know  of  no  good  reason  why  it  should  be." 

"Should  not  be  given  on  drawing." 

"  Do  not  object  if  left  oflF,  not  needed." 

Q.  31.  Do  you  use  the  glazed  or  dull  side  of  tracing  cloth? 
Dull  side  ...  66      Glazed  side.  32      Both 4 

"  Dull  side,  because  it  lies  flat  better  in  drawers." 

"  Dull  side,  so  that  changes  which  may  be  necessary  while  work  is 
under  construction,  can  be  made  easily  in  pencil  and  later  in  ink." 

"Dull  side  so  tracings  may  be  checked  in  pencil." 

"  It  prevents  curling." 

"Both,  although  the  glazed  side  when  traced  on  lies  better  in  the 
drawer." 
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"We  use  clolh  glazed  on  both  sides,  work  on  conv-ex  side,  so  ihat 
shrinkage  of  ink  wiU  eliminate  camber." 

"Dull,  except  for  U.  S.  Government,  who  requires  the  glazed  side 
to  be  used." 


4 


Q.  32.   How  do  you  place  pattern  numbers  on  castings? 

Pattern  number  with  symbol  or  letter  is  placed  on  or  near 
the  piece,  e.g.,  PATT.-D-478-C 

This  question  was  not  happily  stated;  most  answers  gave  "raised 
letters  cast  on,"  while  the  question  like  all  the  others  refers  tu  the 
marking  of  the  drawixig. 

Q.  33.   How  do  you  note  changes  on  a  drawing? 

On  tracing  with  date 32 

New  tracing  and  new  number i; 

Put  a  circle  around  old  figure  and  write  new  figure  beside 

it  with  date 8 

Make  new  tracing 5 

Red  ink  wilh  date 8 

Use  rubber  stamp  "Revised"  with  dale,  and  indicate  changes 

on  record  print 28 

Use  change  card  system i 

Special  forms  for  purpose.     Change  made  in  a  book  with 
date.     New  prints  made  lo  replace.     In  place  at  tide 

with  draftsman's  initials  and  dale 8 

Q,  ^4.    Do  you    place   dimensions   to    read    from    bottom   and 
right  hand,  or  all  to  read  from  bottom,  or  how? 

llollom  and  right  hand  . ..   103     From  bottom  only 2 

No  fixed  rule 2 

From  R  lo  L  and  bollom  to  top 1 
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Q.  35.    Do  you  always  make   a   table   to   contain   the   bill  of 
material  ? 

Yes 49      No 25      Not  always.  .      5 

Usually I     Use  separate  bill 32 

Bills  on  general  drawings  only.  On  details  number  is  marked  on 
piece. 

''No,  but  it  is  advisable  to  do  so.^  ''Have  abandoned  that 
system." 
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Aluminum,  33 
Angle,  Lead,  307 
Area  of  a  bearing,  soo 

B 

Babbitt  metal,  33 

Ball  bearings,  230 

Base- plates,  Adjustable,  230 

Bearing,  Adjusting  wedges  for,  355 

Bearing,  Area  of  a.  206 

Bearing,  Cap  of.  354 

Bearing,  Chain  lubricating,  225 

Bearing,  Crank-shaft  or  main,  351 

Bearing,  Four-part,  353 

Bearing,  Gibs  for,  355 

Bearing,  Length  of,  235 

Bearing,  Load  on  ball,  360 

Bearing,  Pedestal  or  pillow-block,  230 

Bearing,  Pivot  or  step,  347 

Bearing,  Post,  214 

Bearing,  Solid  journal,  207 

Bearing,  Self-adjusting,  217 

Bearing,  Three-part,  351 

Bearing,  Thrust,  361 

Bearings,  Blocks  for,  356 

Bearings,  Diameter  of  studs  for,  355 

Bearings,  Divided,  210 

Belt  gearing,  238 

Belting.  Rules  for,  240 

Belts,  Length  of,  253 

Belts,  Transmission  of  power  by,  240, 


Bolt,  Anchor,  82 

Bolt,  Hook,  76 

Bolt.  Lewis,  80 

Bolt  of  uniform  strength,  91 

Bolt,  Rag.  78 

Bolt,  Square-headed,  67 

Bolt,  Stud,  68 

Bolt,  Tap,  75 

Bolt,  Tapered.  77 

Bolt,  T-headed,  74 

Brass,  32 

Bronze  or  gun-metal,  32 

Bushes,  steps  or  brasses,  827 

C 
Calking,  126 
Case-hardening,  34 
Castings,  Malleable,  32 
Castings,  Shrinkage  of,  44 
Cast  iron,  30 

Cast  iron,  Specific  gravity  of,  40 
Cast-iron   water-pipe.  Thickness  oi^ 

43 
Cast  steel,  32 

Cementation  process,  35 

Chilled  castings,  31 

Clearance,  Cylinder,  308 

Clearance,  Inside,  308 

Clearance,  Piston,  308 

Compression,  308 

Cock,  Blow-off,  295 

Cocks,  295 

Connecting-rod,  Thrust  of,  345 
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Connecting-rods,  339 
Connecling-iodg,     Buckeye     Engine 

Co.,  341 
Connecling-rods,  Diameter  of.  346 
ConneclingTods,     Erie      City      Iron 


Work* 


341 


Conncciing>rod5,  Marine, 
Con  nee  ting- rods.      Peon. 


344 


Cylinder  flange  fallen! 

Cylinder,  Diameter  of  near 
Cylinder,  Length  of  steam, 
Cylinder.  Steam.  3»S 
Cylinder,  Thiclcness  of  ilea 
Cylinder  head,  319 
Cylinder  steam-port,  319 
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Conventions,  Standard, 
Copper,  33 
Colter  and  gib,  izo 
Colter  lacking  arranger 
Cotter,  Taper  of,  117 


Couplings.  Box  orniua.  16s 
Couplings,  Cast-iron  pipe.  190 
Couplings,  Converse  pipe,  197 
Couplings,  Flanged  shatl.  178 
Couplings  lor  brass  and  copper  pipes, 

303 
Couplings.  Friciional,  174 
Couplings,  Hill  plate,  171 
Couplings,  Jaw  clutch,  181 
Couplings,  Loose  flange.  195 
Couplings,  Pipe,  Ii)o 
Couplings,  Propeller  shaft,  i8s 
Couplings.  Rigid,  164 
Couplings.  Screwed  flange  pipe,  igS 
CouplinKS,  Screived  si.rkct,  loo 
Couplings,  Sellers  clamp,  171 
Couplings.  Shaft,  164 
Couplings,  Spiral  j.iw,  i3i 
Couplings,   Spigot  and    socket   pipe, 


Design,  Elementary  machine,  I9 
Design  of  spur  gear,  371 


TICS.  379 

.His.  Proportions  of,  38J 

ric.  Throw  of,  380 

Mj.  37 

:iiy,  Modulus  oC,  37 


Couplinss.  Split 
Cpupliligs,  Siua; 
Couplings.  Univ 
Couplings,  Wro 
pipe,  196 


lufl,  tfi; 


Clin 


Engine 
Engine- 
Expansi 
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i.  30s 


or  of  s 

(cty,  The,3S 

c,  Dro 

p-hanger,  2l8 
G 

ing.  B 

ll,  13.9 

ng,   1 

oihcd,  363 

5,  Bcv 

1,370 

s,  Inv 

lute  toothed. 

a6i 

s,  Spu 

-wheel  and  p 
licr  system  of 

S67 

E-bats,  Length   of.  373 
cs.  Strepglh  of .  37a 
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QS,  Introductory,  i 
Its,  7 


ms  and  proportions  of  cot- 

r8 

ickle,  io6 

'.  143 

omotive  steam-pipe  ball,  200 

veted,  125 

206 


B.  114 

,  no 

id,  112 

lie,  109 

ng  feather,  113 

c,  no 

•druff,  113 

ed,  112 
ength  of,  114 


c,  307 
194 

/e  dome  connection,  156 
re  fire-box  ring,  154 
/e  plain  slide-valve,  305 
;e  tube-setting,  155 

M 

castings^  32 

.  30 

,  Strength  of,  36 

acking,  366 

acking.  United  States, -366 

tal,  32 

N 

:ntion,  63 
agon, 60 


Nut,  Jam,  92 

Nut-locking  devices,  92 

Nut-lock,  Circular,  99 

Nut-lock,  Spring  washer,  94 

Nut-lock.  Wile's,  95 

Nuts  locked  with  set-screws,  96 


O 


Oil-cups,  299' 
Overtravel,  308 


Pedestal,  Self-lubricating,  238 

Pin-joint,  Knuckle,  106 

Pins  and  pin-joints,  104 

Pins,  Split,  104 

Pins,  Taper,  105 

Pipes,  189 

Pipes.  Thickness  of,  189 

Piston,  Ball  Engine  Company's,  333 

Piston,  Buckeye  Engine  Company's^ 
338 

Piston  clearance,  308 

Piston,  Locomotive,  334 

Piston,  Macintosh  &  Seymour's,  336 

Piston,  Water,  340 

Pistons,  332 

Pistons,  Steam,  332,  335 

Point  of  cut-off,  308 

Pressure  on  rubbing  surfaces,  369 

Projection  of  India-rubber  valve- 
guard,  282 

Proportions  of  India-rubber  valve- 
.    guard,  283 

Pulley,  All  wrought-steel,  250 

Pulley,  Cone,  251 

Pulley,  Rope,  255 

Pulley,  Wood  split,  248 

Pulleys,  Proportions  of,  244 

Pulleys,  Proportions  of  cone,  255 


Resistance,  37 

Riveted  butt-joint,  Double,  144 
Riveted  butt-joint.  Triple,  148 
Riveted  joint,  Calculation  of,  136 
Riveted  lap-joints.  Double,  139 


Tafek  mi  Ptafc  pipe  coapluv*. 
lTakfee<«i 


T.i:co:  :hictn< 
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,  Angle  of  advance  of  slide,  307 
,  Ball,  288 

Boiler  check,  295 
,  Cocks  and  oil  cup,  278 
diagram,  .The  Bilgram,  313 
diagram.  The  Zeuner,  320 
,  Flat  India-rubber  disk,  290 
,  foot  and  strainer,  278 
,  Globe,  292 
,  India-rubber,  280 
,  Inside  clearance  of  slide,  308 
,  Lead  of  slide,  307 
,  Overtravel  of  slide,  308 
,  Lift  or  wing,  285 
,  Plain  slide,  305 
,  Point  of  admission  of  slide,  305 
,  Point  of  cut  off  of  slide,  308 
,  Point  of  ezhamst  of  slide,  305 


I  Valve,  Point  of  compression  of  slide* 

305 
Valve,  spindle,  285 

Valve,  stop,  292 

Valve,  Travel  of,  307 

W 

Wall  box  frames,  211 

Wall  brackets,  216 

Wall  or  post  hanger,  223 

Weights  of  cast-iron  water-pipes,  43 

Wooden  teeth  or  cogs,  263 

Woods  used  in  construction,  35 

Working  drawings,  17 

Wrist-pin.  370 

Wrought  metals,  33 

Wrought  iron,  Specific  gravity  of,  40. 

Wrought-iron  welded  tubes,  44 
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1  '•.:.!:.  ;  ■    \' ■    ,   ■  .•     :    ..r    •". '•.•■•!•.  ••    .:    -^i-.i!.             8vo,  5  00 

*  1 1-  '■:  .    i  !.■■       '  •■'..  '.:  L->  ■  ■   .VI  \\.:<  r         12mo,  3  00 

!■:.     .' •      M-:-.--    I  u. '.  i.\:  '..  •  •■                        8vo,  4  00 

-!\.  :•.  •:      I.  v.:    ...•..■    (■■.    ■  r- ;•!.  .■.•.■•'!      Large  12mo.  200 

H  I-  .    '.'n  .1-.  •  I"..  :    .       i"!  .    I  .  :•  •  •  :■     '.•.■'.•■..               18mo.  I  00 

'  ii't'     I-;:.-!. . I. :..-.:..:...  i.i.  ■■.                           8vo,  i  50 

I:>,-.i::        II..-.  .:.■...■,^  ..;   I'r-.!".  :  •     :■■   I 'r- .  •    1  -.r.-       8vo,  4  00 

'   I-:  -.il.  ■  ( ):-:i:;vi:i  r  .i:.  '.  <  ■-;::. ::i  :>  .  .                      8vo,  0  00 

•> 
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2  00 

4  00 

1  00 
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2  60 

2  00 
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1  60 

60 

3  00 

1  50 

^  Ludlow's  Logarithmic  and  Trigonometric  Tables. 8vo, 

*  Lyons's  Treatise  on  Electromagnetic  Phenomena.  Vols.  L  and  IL.Svo.each. 

*  Mahan's  Permanent  Fortifications.     (Mercur.) 8vo.  half  mor. 

Manual  for  Courts- martial 16mo,mor. 

♦  Mercur's  Attack  of  Fortified  Places 12mo. 

*  Elements  of  the  Art  of  War 8vo, 

Nixon's  Adjutants'  Manual 24mo, 

Peabody's  Naval  Architecture 8vo, 

♦  Phelps's  Practical  Marine  Surveying 8vo, 

Putnam's  Nautical  Charts 8vo, 

Rust's  Ex-meridian  Altitude.  Azimuth  and  Star- Finding  Tables 8vo, 

Sharpe's  Art  of  Subsisting  Armies  in  War 18mo,  mor, 

^  Tupes  and  Poole's  Manual  of  Bayonet  Exercises  and  Musketry  Fencing. 

24mo,  leather, 

•  Weaver's  Military  Explosives 8vo, 

Woodhull's  Notes  on  Military  Hygiene 16mo, 


ASSAYING. 

Betts's  Lead  Refining  by  Electrolysis 8vo,  4  00 

Fletcher's  Practical  Instructions  in  Quantitative  Assaying  with  the  Blowpipe. 

16mo.  mor.  1  50 
Purman  and  Pardoe's  Manual  of  Practical  Assaying.     (Sixth    Edition  .  Re- 
vised and  Enlarged) 8vo,  3  00 

Lodge's  Notes  on  Assaying  and  Metallurgical  Laboratory  Experiments.. 8vo,  3  00 

Low's  Technical  Methods  of  Ore  Analysis 8vo,  3  OJ 

Miller's  Cyanide  Process 12mo.  1  00 

Manual  of  Assaying r2mo,  1  00 

Minet's  Production  of  Aluminum  and  its  Industrial  Use.     (Waldo.).  ..12mo,  2  50 

O'Driscoll's  Notes  on  the  Treatment  of  Gold  Ores 8vo.  2  00 

Ricketts  and  Miller's  Notes  on  Assaying 8vo,  3  00 

Robine  and  Lenglen's  Cyanide  Industry.     (Lc  Clerc.) 8vo,  4  00 

Ulke's  Modem  Electrolytic  Copper  Refining 8vo,  3  00 

Wilson's  Chlorination  Process 1 2mo,  1  50 

Cyanide  Processes. 12mo.  1  50 


ASTRONOMY. 

Comstock's  Field  Astronomy  for  Engineers 8vo,  2  60 

Craig's  Azimuth 4to,  3  50 

Crandall's  Text-book  on  (leodesy  and  Least  Squares 8vo,  3  00* 

Doolittle's  Treatise  on  Pracical  Astronomy 8vo,  4  00 

Hayford's  Text-book  of  Geodetic  Astronomy 8vo,  3  (M) 

Hosmer's  Azimuth 16mo.  mor.  1   IM) 

Merriman's  Elements  of  Preci.sc  SurveyioK  and  Geodesy 8vo,  2  5'.) 

*  Michie  and  Harlow's  Practical  Astronomy 8vo,  3  00 

Rust's  Ex-meridian  Altitude.  Azimuth  and  Star- Finding  Tables 8vo,  5  00 

•  White's  Elements  of  Theoretical  and  Descriptive  Astronomy 12mo,  2  00 


CHEMISTRY. 

♦  Abderhalden's   Physiological  Chemistry  in   Thirty   Lectures.     (Hall   and 

Defren) 8vo, 

♦  Abegg's  Theory  of  Electrolytic  Dissociation,     (von  Ende.) 12mo. 

Alcxeyefl's  General  Principles  of  Organic  Syntheses.     (Matthews.) 8vo, 

Allen's  Tables  for  Iron  Analysis 8vo, 

Armiby's  Principles  of  Animal  Nutrition 8vo, 

Arnold's  Compendium  of  Chemistry.      (Mandel.) Large  12mo, 

:iation  of  State  and  National  Food  and  Dairy  Departments,  Hartford 

Meeting,  1906 8vo. 

Jamestown  Meeting,  1907 8vo, 
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00 

Austen's  Notes  for  Chemical  Students. 12iiio,  tl  BO 

Baskerville's  Chemical  Elements.     (In  Preparatkm). 

Bemadou's  Smokeless  Powder. — Nitro-cellulose,  and  Theory  of  the  CeHutoee 

Molecule 12mo,  2  fiO 

Biltz's  Introduction  to  Inorganic  Chemistry.  (Hall  and  Phehui).   (In  Press). 
Laboratory  Methods  of  Inorganic  Chemistry.     (Hall  and  Blaachard). 

8vo.  3  00 

*  Blanchard's  Synthetic  Inorganic  Chemistry 12mo,  1  00 

*  Browning's  Introduction  to  the  Rarer  Elements 8vo,  1  60 

«  Claassen's  Beet-sugar  Manufacture.     (Hall  and  Rolfe.) 8vo,  S  00 

Classen's  Quantitative  Chemical  Analsrsis  by  Electrolysis.     (Boltwood.>.8vo,  3  00 

Cohn's  Indicators  and  Test-papers 12mo,  2  00 

Tests  and  Reagents 8vo,  3  00 

*  Danneel's  Electrochemistry.     (Merriam.) 12mo.  1  25 

Dannerth's  Methods  of  Textile  Chemistry l2mo.  2  00 

Duhem's  Thermodynamics  and  Chemistry.     (Burgess.) 8vo,  4  00 

Effront's  Enzymes  and  their  Applications.     (Prescott.) 8vo.  3  00 

Eissler's  Modem  High  Explosives 8vo,  4  00 

Erdmann's  Introduction  to  Chemical  Preparations.     (Dunlap.) 12mo,  1  25 

*  Fischer's  Physiology  of  Alimentation Large  12mo.  2  (X) 

Fletcher's  Practical  Instructions  in  Quantitative  Assa>'ing  with  the  Blowpipe. 

12mo,  mor.  1  50 

Fowler's  Sewage  Works  Analyses 12mo.  2  00 

Presenius's  Manual  of  QuaUtative  Chemical  Analysis.     (Wells.) 8vo.  5  00 

Manual  of  QualiUtive  Chemical  Anal>'sis.  Part  I.  Descriptive.  (Wells. )8vo,  3  00 

Quantitative  Chemical  Analysis.     ((}ohn.)     2  vols 8vo,  12  50 

When  Sold  Separately.  Vol.  I,  $6.     Vol.  II,  $8. 

Ftiertes's  Water  and  Public  Health 12mo,  1  50 

Furman   and   Pardoe's   Manual  of   Practical  Assaying.       (Sixth    Edition. 

Revised  and  Enlarged.) Svo,  3  00 

*  Getman's  Exercises  in  Physical  Chemistry 12mo.  2  00 

Gill's  Gas  and  Fuel  Analysis  for  Engineers 12nio,  I  25 

*  Gooch  and  Browning's  Outlines  of  Qualitative  Chemical  Analysis. 

Large  12mo,  I  25 

Grotenfelfs  Principles  of  Modem  Dairy  Practice.     (WoU.) 12mo,  2  00 

Groth's  Introduction  to  Chemical  CrysUlloRraphy  (Marshall) 12mo,  1  25 

Hammarsten's  Text-book  of  Physiological  Chemistry.     fMandel.) 8vo.  4  00 

Hanau«;cks  .Micn)'^i)i»y  of  Technual  Pro«lucts.      (.Wintonj 8vo,  5  00 

*  Haskins  an^l  Maileixl's  OrRanic  Chemistry 12mo.  2  00 

HcrinRs  Ready  Reference  Tables  (Conversion  Factors^ lOmo,  mor.  2  50 

*  Herrick's  Denaliired  or  In«iustrial  Alcohol 8vo,  4  00 

Hinds's  InofKanic  Chemistry 8vo,  3  00 

♦  Lal)oratory  Manual  for  Students 12mo,  1  00 

*  Hollcman's    Lal»oralt>ry    Manual    of    Ornanic    Chemistry    for    Beginners. 

(Walker. ) 12mo.  1  00 

Text-bo<.kof  Inorganic  Chemistry.      (Cooper.) 8vo.  2  50 

Text-book  (,t  (.)r>;anir.  Chemistry.      (Walker  and  Mott.) 8vo.  2  50 

*  H(.llevs  Lead  and  Zinc  Pifiments • Large  12mo,  3  00 

Hollev  and  Ladrl's  Analysis  of  Mixed  Paints.  Color  Pismcnts,  and  \  amishes. 

Large  12mo,  2  50 

Hopkins's  Oil-chemists'  HandV)ook. .  ...  .  •  .  •  •  ....  ....  ....  ... ..;...-  .8vo.  3  00 

la.  k.on's  Dinvtu.n-  lor  Lal-ralc^ry  Work  in  P hysioloKical  Chemistry     8vo.  1  25 
JohnM.n's  Kai-id  Milh-is  for  the  Chcmi.al  Analysis  ..f  bpecial  Steels.  Steel- 

makm,:  .Ml-y.  and  (iraphiie Large  12mo,  8  00 

Landar.rr'-,^p..tr.:m  .Xnaiv,:.      (Tingle).     ... Z  \;  J  *  *  * :  j ; -^^  *  ^ 

*  I  ■r.)'-\  .-'.V  ••'.-'  A':-.t«-i.  :.  Uec'irreiue  of  Al'imimim  in  \  egetable  Prod- 

/,,'f.    "\,iir:ial  I'roduvtx  and  N.ilv.ral  Waters 8vo.  2  00 

Lr.    ar-C.ihn  ■'.  .\;-.;i.  ..Mon  of  S.,me  CM-mral  Re;u  lu.n.  to  Investigation,  in 

()r«.i!n<    Chen-.i-trv.      (Tir.r.l'-  '     ;  •  •  • ; 12mo,  I  00 

Lf.ui.".^  Ir.-pii  tinn  an.!  AnalyM^.  of  1' oo  i  with  Spe.;:i.  Relerence  to  SUte  ^ 

Coniiol ■ 2^'  '   JJ 

Lob'-.  i:ir.lr.Khi-mi-^try  <.t  UrKatuc  (  oi:.v.,v.i.':.-        'L-.r."./.-   ........»VO,  S  UU 

Lodne's  Note.  o„  AvayiuK  an-l  M.ta;i:ir>'i.  a!  LjdH.r.it.Ty  hxi>enments..8vo,  3  00 

LowsT«Hhnical  Method  ot  On-  -Xnaly.i •  8vo,  3  00 

Luntje's  Techno-i  hemical  Analysis.      U  ohn • 1^.  1  W 

»  McKay  and  LarscnS".  I'rin.  iph-s  an.!  I'ra.  ti..-  o:  H-.:i.  r-makmg ..^,  1  50 

Maire'^;  Moilem  Pigments  and  their  Vchu  Ic  = l2mo,  2  00 

I 


? 


Handel's  Handbook  for  Bio-chemical  Laboratory 12mo,  $1  50 

*  Martin's  Laboratory  Guide  to  Qualitative  Analysis  with  the  Blowpipe 

12mo,       60 

Mason's  Examination  of  Water.     (Chemical  and  Bacteriological.) 12mo,  1  25 

Water-supply.     (Considered  Principally  from  a  Sanitary  Standpoint.) 

8vo.  4  00 

*  Mathewson's  First  Principles  of  Chemical  Theory 8vo,  1  00 

Matthews's  Laboratory  Manual  of  Dyeing  and  Textile  Chemistry 8vo,  3  50 

Textile  Fibres.     2d  Edition.  Rewritten 8vo.  4  00 

*  Meyer's    Determination   of   Radicles   in   Carbon   Compoimds.     (Tingle.) 

Third  Edition 12mo,  1  25 

Miller's  Cyanide  Process 12mo.  1  00 

Manual  of  Assaying 12mo,  1  00 

Minet's  Production  of  Aluminum  and  its  Industrial  Use.     ( Waldo. )...12mo,  2  60 

Mixter's  Elementary  Text-book  of  Chemistry 12mo,  1  50 

Morgan's  Elements  of  Physical  Chemistry 12mo,  3  00 

Outline  of  the  Theory  of  Solutions  and  its  Results 1 2mo.  1  00 

*  Physical  Chemistry  for  Electrical  Engineers 12mo,  150                                      ij 

Morse's  Calculations  used  in  Cane-sugar  Factories 16mo,  mor.  1  50 

*  Muir's  History  of  Chemical  Theories  and  Laws 8vo,  4  00 

MuIIiken's  General  Method  for  the  Identification  of  Pure  Organic  (}ompotmds. 

Vol.  I.     Compounds  of  Carbon  with  Hydrogen  and  Oxygen.  Large  8vo,  5  00 

Vol.  II.     Nitrogenous  Compotmds.     (In  Preparation). 

Vol.  III.     The  Commercial  Dyestuffs.     (In  Press). 

O'DriscolI's  Notes  on  the  Treatment  of  Gold  Ores 8vo,  2  00 

Ostwald's  Ck>nversations  on  Chemistry.     Part  One.     (Ramsey.) 12mo,  1  50 

Part  Two.     (TumbuU.) 12mo,  2  00 

Owen  and  Standage's  Dyeing  and  Cleaning  of  Textile  Fabrics 12mo,  2  OO 

*  Palmer's  Practical  Test  Book  of  Chemistry 12mo,  1  00 

*  Fault's  Physical  Chemistry  in  the  Service  of  Medicine.     (Fischer.) . .  12mo,  1  25 
Penfield's  Tables  of  Minerals,  Including  the  Use  of  Minerals  and  Statistics  ; 

of  Domestic  Production 8vo,  1  00 

Pictet's  Alkaloids  and  their  Chemical  O^nstitution.     (Biddle.) 8vo,  5  00 

Poole's  Calorific  Power  of  Fuels 8vo,  3  00 

Prescott  and  Winslow's  Elements  of  Water  Bacteriology,  with  Special  Refer- 
ence to  Sanitary  Water  Analysis 12mo,  1  50 

*  Reisig's  Guide  to  Piece-Dyeing 8vo,  25  00 

Richards  and  Woodman's  Air,  Water,  and  Food  from  a  Sanitary  Stand- 
point  8vo.  2  00 

Ricketts  and  Miller's  Notes  on  Assaying 8vo,  3  00 

Rideal's  Disinfection  and  the  Preservation  of  Food 8vo,  4  00 

Sewage  and  the  Bacterial  Purification  of  Sewage 8vo,  4  00 

Rigg's  Elementary  Manual  for  the  Chemical  Laboratory 8vo,  1  25 

Robinc  and  Lenglen's  Cyanide  Industry.     (Le  Clerc.) 8vo,  4  00 

Ruddiman's  Incompatibilities  in  Prescriptions 8vo,  2  00 

Whys  in  Pharmacy 12mo,  1  00 

Ruer's  Elements  of  Metallography.     (Mathewson).     (In  Press.) 

Sabin's  Industrial  and  Artistic  Technology  of  Paint  and  Vami^ 8vo,  3  00 

Salkowski's  Physiological  and  Pathological  Chemistry.     (Omdorff.) 8vo,  2  50 

Schimpf 's  Essentials  of  Volumetric  Analysis 12mo,  1  25 

Manual  of  Volumetric  Analysis.     (Fifth  Edition,  Rewritten) 8vo,  5  00 

*  Qualitative  Chemical  Analysis 8vo,  1  25 

Smith's  Lecture  Notes  on  Chemistry  for  Dental  Students 8vo,  2  50 

Spencer's  Handbook  for  Cane  Sugar  Manufacturers 16mo,  mor.  3  00 

Handbook  for  Chemists  of  Beet-sugar  Houses 16mo,  mor.  3  00 

Stockbridge's  Rocks  and  Soils 8vo,  2  50 

Stone's  Practical  Testing  of  Gas  and  Gas  Meters 8vo,  3  50 

*  Tillman's  Descriptive  General  Chemistry 8vo,  3  00 

*  Elementary  Lessons  in  Heat 8vo,  1  50 

Treadwell's  Qualitative  Analysis.     (Hall.) 8vo,  3  00 

Quantitative  Analysis.     (Hall.) 8vo,  4  00 

Tumeaure  and  Russell's  Public  Water-supplies 8vo,  5  00 

Van  Deventer's  Physical  Chemistry  for  Beginners.     (Boltwood.) 12mo,  1  50 

Venable's  Methods  and  Devices  for  Bacterial  Treatment  of  Sewage. 8vo,  3  00 

Ward  and  Whipple's  Freshwater  Biology.     (In  Press.) 

Ware's  Beet-sugar  Manufacture  and  Refining.     Vol.  1 8vo,  4  00 

VoLII 8vo,  5  00 

5 


Wftshington's  Manual  of  the  Chemical  Analysis  of  Rocks. 8vQ.  $2  00 

♦  Weaver's  Military  Explosives gvo,  8  00 

Wells's  Laboratory  Guide  in  Qualitative  Chemical  Analyds 8vo.  1  60 

Short  Course  in  Inorganic  Qualitative  Chemical  Analsrsia  for  Bngineenng 

Students 12mo.  1  80 

Text-book  of  Chemical  Arithmetic 12mo,  1  25 

Whipple's  Microscopy  of  Orinldng-water 8vo,  3  50 

Wilson's  Chlorination  Process 12iiio,  1  60 

Cyanide  Processes 12nio.  1  50 

Winton's  Microscopy  of  Vegetables  Pood .8vo,  7  60^ 

Zdgmondy's  CoUoi(^  and  the  Ultramicroscope.     ( Alexander). ..Luye  ISmo.  3  00 


CIVIL   ENGINEERING. 

BRIDGES  AND   ROOFS.     HYDRAULICS.     MATERIALS   OP   ENGINEER- 
ING.    RAILWAY   ENGINEERING. 

Baker's  Engineers'  Surveying  Instruments 12mo.  3  00 

Bixbys  Graphical  Computing  Table Paper  I9i  X  24|  inches.         25 

Breed  and  Hosmer's  Principles  and  Practice  of  Sxxrveying.     Vol.  I.  Elemen- 
tary Surveying 8vo,  3  00 

Vol.  II.     Higher  Surveying 8vo,  2  60 

*  Burr's  Ancient  and  Modem  Engineering  and  the  Isthmian  CanaL 8vo,  3  60  > 

Comstock's  Field  Astronomy  for  Engineers 8vo,  2  60 

•  Corthcll's  Allowable  Pressure  on  Deep  Foundations 12mo.  1  26 

Crandall's  Text-book  on  Geodesy  and  Least  Sqiiares 8vo,  3  00 

Davis's  Elevation  and  Stadia  Tables 8vo.  1  00 

Elliott's  Engineering  for  Land  Drainage 12mo.  1  60 

Practical  Farm  Drainage.     (Second  Edition  Rewritten.) I2mo.  1  60 

•  Ficbcger's  Treatise  on  Civil  Engineering 8vo,  5  00. 

Flcmcr's  Photographic  Methods  and  Instruments 8vo,  5  00 

Polwcll's  Sewerage.      (DcsigninK  and  Maintenance.) 8vo.  3  00 

Freiia>.^'s  Arrhiloctural  li)n(;ineerin>: 8vo.  3  50 

(ifxxlhue's  Mtinii  ipal  Iinprovemcnls I2nio,  1  50 

♦  Haiuh  an<J  Kice'tt  Tables  of  guantilios  for  Preliminary  Hstiinates. .  .  lUmo.  1   25 

Hay^jnls  Te.xt  b(X)k  of  (leodoiic  Astnmoiny 8vo,  3  00 

Herinji's  Rca-ly  Reference  Tal>lcs  (Conversion  Factors) l6mo,  mor.  2  50 

Hf.sinJr's  Azimuth l6mo.  mor.  1  00 

Howe'  Retaining  Walls  for  ICarth 12mo.  1   25 

*  Ive«.'s  Adiustir.'.-iit ;  of  the  En>.:iiieer"s  Transit  ami  Level Iftmo.  bds.         25 

Johnson's  (].  B.i  Tlu-ory  aivl  Practice  of  Surveying Large  12mo.  4  00 

John-on'-T  (L.   I.)  Stali-  .  l.y  AUH)raic  an<l  <irai)hic  McthtMs 8vo.  2  00 

Kinnicutt.  Win  low  an.i  I'ralt-;  J'uriticaiion  ut  Sewage.      (In  Preparation). 

*  M.ihans  I)c...  ri;Hive  (Vcrietry 8vo,  1   60 

M<  rn:i;an"s  Klcn-ctit:;  of  Pre  ■..■■c  Survcving  an-l  Ceo-iesy 8vo,  2  60. 

Merri,:ian  and  Hr..<.ks's  Uan-Toouk  f<.r  Sur\eyor^ 16mo.  mor.  2  00 

N'JH''nt">  I'l.inc  Surve\in>^ 8vo,  3  60 

{ )}"lVn's  Sewer  Om^lr-.K  lion 8vo,  3  00 

Soner  De.dgn 12mo,  2  00. 

Par-i-ins's  iJiv-vc-al  of  Mur.i.ii.a!  I<'.i'.::>e •  •  ■  -Svo,  2  00 

I'atlon'i  TreatiM.-  on  Civil  i::!Ki:ic«ri!U': >^vo.  half  leather,  7  6J. 

Rre  Ts  To:)oj.:ra;)hi-:a!  Dra-.wi.;:  .i'lI  Sk.-ti  hir.;[. 4to,  6  00 

R.,',-il".s  SeA;i>'.c.  uB.l  th'j  li;ii  :«Ti.il  Pui i:icani..n  of  Se\\ago 8vo,  4  00 

Ri.TiuT'.--  Shaii-.dakuiij  uu.icr  lh"i(  r.!i  C'.n  :iiion->.  (Crning  ami  Pcele.).8vo.  3  00 

Si'lurt  an.l  Hi;',:li.>  M"  '.<  ■•i  St-.i.c  ■  ;itf.ri)'  and  .Ma.>onry 8vo.  1  60' 

Sinith's  Manu.il  ..1  T..i...j;ra:''i-..  il  \h.i\^  r.-.y^.      ;M.Millan 8vo,  2  50 

S'M-.cr'.;  Air  aul  Veniilaiu.n  '.f  S'.Sv.ays l2mo,  2  50 

=••  Tra.  v  .,  Kxcrci.se,  in  ;v.irvc\  it.}; 12mo,  moT.  1  00 

Tra.  v"'^  Piane  Surveyin,.' IJ^o.  mor.  3  00 

*  'rrar.t\\ine">  Civi!  E::i:\'.i*vr'>.  Pf-  k'tl  »•..-■'»; lomo,  mOT.  5  00 

Ver  iMc'^  (iarl)a;<e  Creniat-iric-  i:-.  Arr.vru.i 8vo,  2  OQ 

'  Mtttbodi  aal  Device,  for  liac'.erial  Tiratiuent  ..f  Sewage 8vo,  3  00 

G. 


Wait's  Engineering  and  Architectural  Jurisprudenee 8vo.  16  00 

Sheep.  6  50 

Law  of  Contracts 8vo,  3  00 

Law  of  Operations  Preliminary  to  Construction  in  Engineering  and 

Architecture 8vo.  6  00 

Sheep.  6  50 

Warren's  Stereotomy — Problems  in  Stone-cutting 8vo,  2  60 

*  Waterbtiry's  Vest- Pocket  Hand-book  of  Mathematics  for  Engineers. 

2iX5f  inches,  mor.  100 
Webb's  Problem's  in  the  Use  and  Adjustment  of  Engineering  Instruments. 

16mo,  mor.  1  25 

T^^lson's  Topographic  Surveying. 8vo,  3  50 


BRIDGES  AND  ROOFS. 

Boiler's  Practical  Treatise  on  the  Construction  of  Iron  Highway  Bridges.. 8 vo, 

*  Thames  River  Bridge Oblong  paper, 

Burr  and  Palk's  Design  and  Construction  of  Metallic  Bridges 8vo, 

Influence  Lines  for  Bridge  and  Roof  Computations 8vo, 

Du  Bois's  Mechanics  of  Engineering. .  .  Vol.  II Small  4to, 

Poster's  Treatise  on  Wooden  Trestle  Bridges 4to, 

Fowler's  Ordinary  Fopndations ^ , , , 8vo, 

Greene's  Arches  in  Wood,  Iron,  and  Stone 8vo, 

Bridge  Trusses 8vo, 

Roof  Trusses 8vo, 

Grimm's  Secondary  Stresses  in  Bridge  Trusses. 8vo, 

Heller's  Stresses  in  Structures  and  the  Accompanying  Deformations..  .  .8vo, 

Howe's  Design  of  Simple  Roof-trusses  m  Wood,  and  Steel 8vo. 

S^'mmetrical  Masonry  Arches. 8vo, 

Treatise  on  Arches 8vo, 

Johnson.  Bryan  and  Tumeaiu'e's  Theory  and  Practice  in  the  Designing  of 

Modem  Framed  Structures Small  4to, 

Merriman  and  Jacoby's  Text-book  on  Roofs  and  Bridges: 

Part  I.      Stresses  in  Simple  Trusses. 8vo, 

Part  II.    Graphic  Statics 8vo, 

Part  III.     Bridge  Design 8vo, 

Part  IV.  Higher  Structiu^s 8vo, 

Morison's  Memphis  Bridge Oblong  4to, 

Sondericker's  Graphic  Statics,  with  Applications  to  Trusses,  Beams,  and 

Arches 8vo, 

Waddell's  De  Pontibus,  Pocket-book  for  Bridge  Engineers 16mo,  mor. 

*  Specifications  for  Steel  Bridges 12mo, 

Waddell  and  Harringtoon's  Bridge  Engineering.     (In  Preparation.) 

Wright's  Designing  of  Draw-spans.     Two  parts  in  one  volume. 8vo,     3  50 


HYDRAULICS. 

Barnes's  Ice  Formation 8vo,  3  00 

Basin's  Experiments  upon  the  Contraction  of  the  Liquid  Vein  Issuing  from 

an  Orifice.      (Trautwine.) 8vo.  2  00 

Bovey *s  Treatise  on  Hydraulics 8vo,  5  00 

Church's  Diagrams  of  Mean  Velocity  of  Water  in  Open  Channels. 

Oblong  4to,  paper,  1  50 

Hydraulic  Motors 8vo,  2  00 

Coffin's  Graphical  Solution  of  Hydraulic  Problems 16mo,  mor.  2  50 

Flather's  Dynamometers,  and  the  Measurement  of  Power 12mo,  3  00 

Folwell's  Water-supply  Engineering 8vo,  4  00 

Frizell's  Water-power 8vo,  5  00 

Puertes's  Water  and  Public  Health 12mo,  1  50 

Water-filtration  Works 12mo,  2  50 

Ganguillet  and  Kutter's  General  Formula  for  the  Uniform  Flow  of  Water  in 

Rivers  and  Other  Channels.     (Hering  and  Trautwine.) 8vo,  4  00 
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Block's  United  Slat«  Public  Worki. Obk> 

Blanchard't  BitumiOQUs  Road*.     [In  Pnn.) 

Bleininger'i  Manufacture  of  Hydraulic  Cement.     (In  Picpaimlloa.} 

*  Bovey'a  Strength  of  Materjala  and  Tbeory  of  Strtidurei. 


Church's  Mechanics  of  Englneeri 

Du  Ilois's  Mechanics  of  Enginee 
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Vol.  II.  The  Stresses  in  Fra 
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Rkhardaon's  Modem  Asphalt  Pavements 8vo. 

Richey's  Building  Poreoutn's  Pocket  Book  and  Ready  Reference.  Idmo.mor. 

*  Cement  Workers'  and  Plasterers'  Edition  (Building  Mechanics'  Ready 

Reference  Series) 16mo.  mor. 

Handbook  for  Superintendents  of  Construction 16mo.  mor. 

*  Stone    and    Brick    Masons'    Edition   (Building    Mechanics'    Ready 

Reference  Series) 16mo,  mor. 

^  Ries*s  Clays:  Their  Occurrence,  Properties,  and  Uses 8vo, 

*  Ries  and  Leighton's  History  of  the  Clay-worldng  Industry  of  the  United 

States 8vo. 

Sabin's  Industrial  and  Artistic  Technology  of  Paint  and  Varnish 8vo, 

Smith's  Strength  of  Material 12mo. 

Snow's  Principal  Species  of  Wood 8vo. 

Spalding's  Hydraulic  Cement 12mo, 

Text-book  on  Roads  and  Pavements 12mo, 

Taylor  and  Thompson's  Treatise  on  O^ncrete,  Plain  and  Reinforced 8vo, 

Thurston's  Materials  of  Engineering.     In  Three  Parts 8vo, 

Part  I.     Non-metallic  Materials  of  Engineering  and  Metallurgy.. .  .8vo. 

Part  II.     Iron  and  Steel 8vo, 

Part  III.    A  Treatise  on  Brasses.  Bronxes,  and  Other  Alloys  and  their 

Constituents 8vo, 

Tlllson's  Street  Pavements  and  Paving  Materials 8vo. 

Tumeaure  and  Maurer's  Principles  of  Reinforced  Concrete  Omstruction. 

Second  Edition.  Revised  and  Enlarged 8vo, 

Waterbttry's  Cement  Laboratory  Manual 12mo. 

Wood's  (De  V.)  Treatise  on  the  Resistance  of  Materials,  and  an  Appendix  on 

the  Preservation  of  Timber 8vo,     2  00 

Wood's  (M.  P.)  Rustless  (boatings:  Corrosion  and  Electrolysis  of  Iron  and 

Steel 8vo.    4  00 


RAILWAY  ENGINEERING. 

Andrews's  Handbook  for  Street  Railway  Engineers 3X6  inches,  mor.  1  26 

Berg's  Buildings  and  Structures  of  American  Railroads 4to,  6  (X) 

Brooks's  Handbook  of  Street  Railroad  Location 16mo,  mor.  1  60 

Butts's  Civil  Engineer's  Pield-book Idmo,  mor.  2  60 

Crandall's  Railway  and  Other  Earthwork  Tables 8vo.  I  60 

Transition  Curve 16mo,  mor.  1  60 

*  Crockett's  Methods  for  Earthwork  (Computations 8vo,  '  60 

Dredge's  History  of  the  Pennsylvania  Railroad.  (1870) Papei  5  00 

Fisher's  Table  of  Cubic  Yards. Cardboard,  25 

Godwin's  Railroad  Engineers'  Field-book  and  Explorers'  Guide. .  16mo.  mor.  2  60 
Hudson's  Tables  for  Calculating  the  Cubic  Contents  of  Excavations  and  Rm> 

bankments 8vo,  1  00 

Ives  and  Hilts's  Problems  in  Surveying.  Railroad  Surveying  and  Geodesy 

'                                                           16mo,  mor.  1  60 

Molitor  and  Beard's  Manual  for  Resident  Engineers 16mo.  1  00 

Nagle's  Field  Manual  for  Railroad  Engineers 16mo.  mor.  3  (X) 

*  Orrock's  Railroad  Structures  and  Estimates 8vo.  3  00 

Philbrick's  Field  Manual  for  Engineers 16mo.  mor.  3  00 

Raymond's  Railroad  Engineering.     3  volumes. 

Vol.      I.  Railroad  Field  Geometry.     (In  Preparation.) 

Vol.    II.  Elements  of  Railroad  Engineering 8vo,  3  60 

Vol.  III.  Railroad  Engineer's  Field  Book.     (In  Preparation.) 

Searles's  Field  Engineering 16mo.  mor.  3  00 

Railroad  Spiral 16mo,  mor.  1  60 

Taylor's  Prismoidal  FormuUe  and  Earthwork 8 vo.  1  60 

*  Trautwine's  Field  Practice  of  La>'ing  Out  Circular  Curves  for  Railroads. 

12mo.  mor.  2  60 
*  Method  of  Calculating  the  Cubic  Contents  of  Excavations  and  Em- 
bankments by  the  Aid  of  Diagrams 8vo,  2  00 

Webb's  Economics  of  Railroad  Construction Large  12mo,  2  60 

Railroad  Construction. 16mo,  mor.  6  00 

Wellington's  Economic  Theory  of  the  Location  of  Railways Large  12mo,  6  00 

Wilson's  Elements  of  Railroad-Track  and  Construction 12mo,  2  00 
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DRAWING. 

Barr's  Kinematics  of  Machinery gvo, 

♦  Barti»tt's  Mechanical  Drawing 8vo, 

♦  "  "  "  Abridged  Ed 8vo. 

Coolidge's  Manual  of  Drawing 8vo,  pa[ 

Coolidge  and  Freeman's  Elements  of  General  Drafting  for  Mechanical  Engi- 
neers  Oblong  4to. 

Durley's  Kinematics  of  Machines 8vo, 

Emch's  Introduction  to  Projective  Geometry  and  its  Application 8vo, 

French  and  Ives'  Stereotomy 8vo, 

Hill's  Text-book  on  Shades  and  Shadows,  and  Perspective 8vo, 

Jamison's  Advanced  Mechanical  Drawing 8vo, 

Elements  of  Mechanical  Drawing 8vo, 

Jones's  Machine  Design: 

Part  I.    Kinematics  of  Machinery 8vo, 

Part  II.  Form.  Strength,  and  Proportions  of  Parts 8vo. 

Kimball  and  Darr's  Machine  Design.     (In  Press.) 

MacCord's  Elements  of  Dcscritpive  Geometry 8vo, 

Kinematics;  or.  Practical  Mechanism 8vo, 

Mechanical  Drawing 4to, 

Velocity  Diagrams 8vo, 

McLeod's  Descriptive  Geometry Large  12mo, 

♦  Mahan's  Descriptive  Geometry  and  Stone-cutting 8vo, 

Industrial  Drawing.     (Thompson.) 8vo, 

Moyer's  Descriptive  Geometry gvo. 

Reed's  Topographical  Drawing  and  Sketching 4to, 

Reid's  Cx>urse  in  Mechanical  Drawing 8vo, 

Text-book  of  Mechanical  Drawing  and  Elementary  Machine  Design.. 8vo, 

Robinson's  Principles  of  Mechanism 8vo, 

Schwamb  and  Merrill's  Elements  of  Mechanism 8vo. 

Smith  (A.  W.)  and  Marx's  Machine  Design 8vo, 

Smith's  (R.  S.)  Manual  of  Topographical  Drawing.     (McMillan) 8vo, 

♦  Titsworth's  Elements  of  Mechanical  Drawing Oblong  8vo, 

Warren's  DraftinK  Instruments  and  Operations 12mo, 

Elements  of  Descriptive  Geometry,  Shadows,  and  Perspective 8vo, 

Klements  of  Machine  Construction  and  Drawing 8vo, 

Elements  of  Plane  and  S()li<l  Free-hand  Geometrical  Drawing.  .  .  .12mo, 

General  Problem.^  of  Shades  and  Shadows 8vo, 

Manual  of  Elementary  Problems  in  the  Linear  Perspective  of  Forms  and 

Shadow 12mo, 

Manual  of  Elementary  Projection  Drawing 12mo, 

Plane  ProbJcms  in  Elementary  Geometry 12mo, 

Problems.  Theorems,  and  Examples  in  Descriptive  Geometry 8vo, 

Wcisbach's  Kinematics  and  Power  of  Transmission.  (Hermann  and 
Klein.) 8ro, 

Wilson's  (H.  M.)  Toi>oKraphic  Surveying 8vo, 

♦  Wilson's  (V.  T.)  Descriptive  Geometry 8vo, 

Free-hand  Ix'tteriuK 8vo, 

Free-hand  Perspective 8vo, 

Wooll's  Elementary  Course  in  Descriptive  (.Geometry Large  8vo, 


ELECTRICITY   AND   PHYSICS. 

♦  AbcRR's  Theorv'  of  Electrolytic  Di-^^ociatinn,     K'on  Ende.) ISmo,  I  85 

Andrews's  Hand-book  for  S'reet  Railway  I"-n».'.inet»ririff 3X5  inches,  mor.  1  2ft 

Anthony  and    Hrackrtt's   Text  b'M.»k  f>i  I'hy-iiy       ( Mai^ie. )...  .Large  12nio,  300 
Anthony  and    Ball's  Lecture  notes  on   the;   Theory  ol    Electrical   Measure- 

ments 12mo,  I  00 

Benjamin's  History  of  Electricity 8vo,  3  00 

Voltaic  Cell 8vo,  8  00 
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3  60 
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I  00 

2  60 

8  00 

Betts's  Load  Refining  and  Electrolysis 8vo,  pi  00 

Classen's  Qtiantitative  Chemical  Analysis  by  Electrolysis.     (Boltwood.)-8vo.  3  00 

*  ColUns's  Mantial  of  Wireless  Telegraphy  and  Telephony 12nio.  1  50 

♦  Mor.  2  00 

Crehore  and  Squier's  Polarizing  Photo-chronograph 8vo,  3  00 

*  Danneel's  Electrochemistry.     (Merriam.) 12mo,  1  25 

Dawson's  "  Engineering"  and  Electric  Traction  Pocket-book. . . .  16mo,  mor.  5  00 
Dolezalek's  Theory  of  the  Lead  Accumulator  (Storage  Battery),     (von  Ende.) 

12mo,  2  50 

Duhem's  Thermodynamics  and  Chemistry.     (Burgess.) 8vo,  4  00 

Plather's  Dynamometers,  and  the  Measuren>ent  of  Power 12mo.  3  00 

Getman's  Introduction  to  Physical  Science 12mo, 

Gilbert's  De  Magnete.     (Mottelay) 8vo.  2  50 

*  Hanchett's  Alternating  Currents 12mo,  1  00 

Hering's  Ready  Reference  Tables  ((Conversion  Factors) Idmo,  mor.  2  50 

*  Hobart  and  Ellis's  High-speed  Dynamo  Electric  Machinery 8vo,  6  00 

Holman's  Precision  of  Measurements 8vo,  2  00 

Telescopic  Mirror-scale  Method,  Adjustments,  and  Tests.. .  .Large  8vo,  75 

*  Karapetoff 's  Experimental  Electrical  Engineering 8vo,  6  (X) 

Kinzbrunner's  Testing  of  Continuous-current  Machines 8vo,  2  00 

Landauer's  Spectrum  Analysis.     (Tingle.) 8vo.  3  00 

Le  Chatelier's  High-temperature  Measurements.  (Boudouard — Burgess. )12mo,  3  00 

Ldb's  Electrochemistry  of  Organic  Compounds.     (Lorenz) 8vo,  3  00 

*  Lyndon's  Development  and  Electrical  Distribution  of  Water  Power.  .8vo,  3  (X) 

*  Lyons's  Treatise  on  Electromagnetic  Phenomena.  Vols,  I  .and  IL  8vo,  each,  6  00 

*  Michie's  Elements  of  Wave  Motion  Relating  to  Sound  and  Light 8vo,  4  OU 

Morgan's  Outline  of  the  Theory  of  Solution  and  its  Results 12mo,  1  00 

*  Physical  Chemistry  for  Electrical  Engineers 12mo.  1  50 

*  Norris's  Introduction  to  the  Study  of  Electrical  Engineering 8vo,  2  50 

Norris  and  Denni son's  (Course  of  Problems  on  the  Electrical  Characteristics  of 

Circuits  and  Machines.     (In  Press.) 

*  Parshall  and  Hobart's  Electric  Machine  Design 4to,  half  mor.  12  50 

Reagan's  Locomotives:  Simple,  Compound,  and  Electrie.     New  Edition. 

Large  12mo,  3  50 

*  Rosenberg's  Electrical  Engineering.    (Haldane  Gee — Kinzbrunner.) .  .8vo,  2  00 

Ryan,  Norris,  and  Hoxie's  Electrical  Machinery.     Vol.  1 8vo,  2  50 

Schapper's  Laboratory  Guide  for  Students  in  Physical  Chemistry 12mo,  1  00 

*  Tillman's  Elementary  Lessons  in  Heat 8vo,  I  50 

Tory  and  Pitcher's  Manual  of  Laboratory  Physics Large  12mo,  2  00 

Ulke's  Modem  Electrolytic  Copper  Refining. .  i 8vo,  3  00 


LAW. 

*  Brennan's  Hand-book  of  Useful  Legal  Information  for  Business  Men. 

16mo,  mor.  5  00 

*  Davis's  Elements  of  Law 8vo,  2  50 

*  Treatise  on  the  Military  Law  of  United  States 8vo,  7  (X) 

*  Dudley's  Military  Law  and  the  Procedure  of  Courts-martial. .  Large  12mo,  2  50 

Manual  for  Courts- martial 16mo,  mor.  1  50 

Wait's  Engineering  and  Architectural  Jurisprudence 8vo,  6  00 

Sheep.  6  50 

Law  of  Contracts 8vo,  3  00 

Law  of  Operations  Preliminary  to   Construction  in  Engineering  and 

Architecture 8vo,  5  00 

Sheep.  5  50 


MATHEMATICS. 

Baker's  Elliptic  Functions 8vo,     1  50 

Briggs's  Elements  of  Plane  Analytic  Geometry.     (B6cher) 12mo.     I  00 

♦  Buchanan's  Plane  and  Spherical  Trigonometry 8vo,     1  00 
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MECHANICAL  EN6INBERI1IG. 

MATERIALS  OP  ENGINEERING.  STEAM-ENGINES  AND   BOILERS. 

Bacon's  Forge  Practice 12mo.  $1  50 

Baldwin's  Steam  Heating  for  Buildings 12mo,  2  60 

Barr's  Kinematics  of  Machinery 8vo,  2  50 

*  Bartlett's  Mechanical  Drawing. 8vo.  3  00 

*  ••  ••  ••       Abridged  Ed 8vo.  1  60 

*  Burr's  Ancient  and  Modem  Engineering  and  the  Isthmian  Canal 8vo.  3  50 

Carpenter's  Experimental  Engineering 8vo,  6  00 

Heating  and  Ventilating  Buildings 8vo,  4  00 

Clerk's  Gas  and  Oil  Engine.     (New  edition  in  press.) 

Compton's  Pirst  Lessons  in  Metal  Working 12mo,  I  50 

Compton  and  De  Groodt's  Speed  Lathe 12mo.  1  50 

Coolidge's  Manual  of  Drawing 8vo,  paper,  1  00 

Coolidge  and  Freeman's  Elements  of  Geenral  Drafting  for  Mechanical  En- 
gineers  Oblong  4to,  2  60 

Cromwell's  Treatise  on  Belts  and  Pulleys 12mo.  I  60 

Treatise  on  Toothed  Gearing I2mo,  I  50 

Dingey's  Machinery  Pattern  Making 12mo,  2  00 

Durley's  Kinematics  of  Machines 8vo,  4  00 

Flanders's  Gear-cutting  Machinery Large  12mo,  3  00 

Flather's  Dynamometers  and  the  Measurement  of  Power 12mo,  3  00 

Rope  Driving 12mo.  2  00 

Gill's  Gas  and  Fuel  Analysis  for  Engineers 12mo.  1  26 

Goss's  Locomotive  Sparks 8vo,  2  00 

Greene's  Pumping  Machinery.     (In  Preparation.) 

Hering's  Ready  Reference  Tables  (Conversion  Factors) Idmo,  mor.  2  60 

*  Hobart  and  Ellis's  High  Speed  Dynamo  Electric  Machinery 8vo,  6  00 

Hutton's  Gas  Engine 8vo,  5  00 

Jamison's  Advanced  Mechanical  Drawing 8vo.  2  00 

Elements  of  Mechanical  Drawing 8vo,  2  60 

Jones's  Gas  Engine 8vo,  4  00 

Machine  Design: 

Part  I.     Kinematics  of  Machinery * 8vo.  1  50 

Part  II.     Form,  Strength,  and  Proportions  of  Parts. 8vo,  3  (X) 

Kent's  Mechanical  Engineer's  Pocket- Book 16mo,  mor.  5  00 

Kerr's  Power  and  Power  Transmission 8vo,  2  00 

Kimball  and  Barr's  Machine  Design.     (In  Press.) 

Levin's  Gas  Engine.     (In  Press.) 8vo, 

Leonard's  Machine  Shop  Tools  and  Methods 8vo,  4  00 

*  Lorens's  Modem  Refrigerating  Machinery.  (Pope,  Haven,  and  Dean).  .8vo,  4  00 
MacCord's  Kinematics;  or,  Practical  Mechanism 8vo,  6  00 

Mechanical  Drawing 4to,  4  00 

Velocity  Diagrams 8vo,  1  50 

MacFarland's  Standard  Reduction  Factors  for  Gases 8vo,  1  50 

Mahan's  Industrial  Drawing.     (Thompson.) 8vo.  3  50 

Mehrtens's  Gas  Engine  Theory  and  Design Large  12mo.  2  50 

Oberg's  Handbook  of  Small  Tools Large  12mo.  3  00 

*  Parshall  and  Hobart's  Electric  Machine  Design.  Small  4to,  half  leather.  12  50 

Peele's  Compressed  Air  Plant  for  Mines 8vo.  3  00 

Poole's  Calorific  Power  of  Fuels 8vo,  3  00 

*  Porter's  Engineering  Reminiscences,  1855  to  1882 8vo,  3  00 

Reid's  Course  in  Mechanical  Drawing 8vo,  2  00 

Text-book  of  Mechanical  Drawing  and  Elementary  Machine  Design.8vo,  3  00 

Richards's  (x>mpressed  Air 12mo,  1  50 

Robinson's  Principles  of  Mechanism 8vo,  3  00 

Schwamb  and  Merrill's  Elements  of  Mechanism 8vo,  3  00 

Smith  (A.  W.)  and  Marx's  Machine  Design 8vo,  3  00 

Smith's  (O.)  Press-working  of  Metals 8vo,  3  00 

Sorel's  Carbureting  and  Combustion  in  Alcohol  Engines.     (Woodward  and 

Preston.) Large  12mo,  3  00 

Stone's  Practical  Testing  of  Gas  and  Gas  Meters. 8vo,  3  60 
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Thunlons  Animal  u  a  MQi;hineiunl  Prime  Motor.  an<]  the  Laws  oi  Enetgelici. 

Umu.  ft  DO 
TrmlUcrm  Pridian  and  Lwi  Work  in  Machinery  and  MillWcik,  ..Bvd,     3  00 

•  Tilliwn'i  ComplBle  Automobile  Irmructor. lOniD,     1  SO 

•  Tittworth't  EJements  ol  .Mechanical  Drawins Oblong  Sve,     1  W 

WatTsn's  BlemEnticf  Machine  Construe  tion  and  Drawing. gvo,     T  U 

•  WalBfbury'.  Ve«t  Pocket  Hand-book  of  Mathematics  for  Eneineen. 

aiXSItnehes.  raor.      I  00 
Wtiibacb'i    Kinematica   and   the   Povet  of  Tmrnnlinaa.     (HeiTiiiann — 

Klein.) 

Machinitry  at  TimnimlHion  and  Govemon.     (Hemann— KEidn. ) . 
Wood'i  Turbinu 


MATERIALS   OF   ENGIREERinG. 


S  00 

i 


*  Bovoy's  Strenjth  nl  Materials  and  Thoory  of  Siniciam. 

Burr'i  Elasticity  and  Resiilance  of  the  Materia li  0<  BflginecrinB- Kva.  T  CO 

Cliurch'i  Meihsnio  of  EngineennS' Bto.  S  00 

•  Oreinw'*  Stmctoral  Mechanics gvo.  2  50 

•Hnllty'i  L*»d  and  Zine  Pigments Large  IZmo  3  00 

Ilollty  and  Lodd's  Analy»s  of  Mixed  Painti,  Color  Piginaiti.  and  VamitlHS 

l-ajge  12nio,  a  50 
Johnnn'i  (C.  H.)  Rapid    Melhodc  lor   the  Cbtmical   Analysis  of   SjwciaJ 

Sloels.  Steel-Mulling  Alloys  and  Grapfaite Large  llmo.  3  00 

JohnnooiU   B]  Materials  of  Conslrucllon Svo,  S  00 

Ke*|<'>  Cmt  Iron, Bvd.  S  50 

Unia'i  Applied  Mechanlea.  . Svo,  7  50 

Malre'i  Modem  Plcmenlt  and  their  VeNelu. IZmo,  'i  (10 

Maiteiii'i  HanrJbcujl;  on  TMting  Malarial*.     <H«nntn»> Hvo,  7  m 

Maum.  T...-h;,„  ,.1  li^h.n,.-. 8vo,  «  Ou 

Merrini;"-.      ".  \' .:.niils. Svo.  SW 

•:-'■■ ISmo.  t  00 

KMcall  ~  '  Stcel-BMn. ISrno.  3  00 

Sabine  I.  .     .         .     ....   Tithnology  of  Paint  and  Vaminh.  .  ..    .Svo.  3  00 

Smith's  ((A    W  1  M.iipnals  oi  Machines 12mo,  1  00 

Smiths  (H    F.  1  Strength  of  Material I2n». 

Thiii^t..n's  Material*  of  Engineerine 3  wis..  Svo.  8  00 

l':,rt   I       N,.n  Tv.nalli,-   M,ilrrial=  of  EnKinrfrirg Svo  2   00 

1\..I  11        Ir,-..  ,nn.l  StOfI Svo.  3   50 


STEAM-EWGIHES    AND   BOILERS. 

nrm-'<  Tl^IVT.iTMi*.<Ti!rt-pv  PiacT.i^-.      IJrno.     2  0 


Svo,     t  00 


Kieass's  Practice  and  Theory  of  the  Injector gvo, 

MacCord's  Slide-valves 8vo. 

Meyer's  Modem  Locomotive  Construction 4to, 

Moyer's  Steam  Turbine g^o. 

Peabody's  Manual  of  the  Steam-eni^ine  Indicator 12mo. 

Tables  of  the  Properties  of  Steam  and  Other  Vapors  and  Temperature- 
Entropy  Table gvo. 

Thermodynamics  of  the  Steam-engine  and  Other  Heat-engines.  .  . .  gvo. 

Valve-gears  for  Steam-engines gvo. 

Peabody  and  Miller's  Steam-boilers gvo, 

Pupin's  Thermodynamics  of  Reversible  Cycles  in  Gases  and  Saturated  Vapors. 

(Ostcrbcarg.) 12mo. 

Reagan's  Locomotives:  Simple.  Compoxmd.  and  Electric.     New  Edition. 

Large  12mo. 

Sinclair's  Locomotive  Engine  Rimning  and  Management 12mo. 

Smart's  Handbook  of  Engineering  Laboratory  Practice. 12mo, 

Snow's  Steam-boiler  Practice gvo, 

Spangler's  Notes  on  Thermodynamics 12mo. 

Valve-gears gvo, 

Spangler,  Greene,  and  Marshall's  Elements  of  Steam-engineering gvo 

Thomas's  Steam-turbines gvo, 

Thurston's  Handbook  of  Engine  and  Boiler  Trials,  and  the  Use  of  the  Indi- 
cator and  the  Prony  Brake gvo. 

Handy  Tables gvo. 

Manual  of  Steam-boilers,  their  Designs,  Construction,  and  Operation  gvo. 

Manual  of  the  Steam-engine 2vols.,  gvo. 

Part  I.     History,  Structure,  and  Theory gvo. 

Part  II.     Design.  Construction,  and  Operation gvo. 

Steam-boiler  Explosions  in  Theory  and  in  Practice 12mo, 

Wehrenfenning's  Analysis  and  Softening  of  Boiler  Peed- water.    (Patterson). 

gvo. 

Weisbach's  Heat,  Steam,  and  Steam-engines.     (Du  Bois.) gvo. 

Whitham's  Steam-engine  Design gvo. 

Wood's  Thermodynamics.  Heat  Motors,  and  Refrigerating  Machines. .  .gvo, 


MECHAiaCS   PURE  AND   APPLIED. 

Church's  Mechanics  of  Engineering gvo. 

Notes  and  Examples  in  Mechanics gvo. 

Dana's  Text-book  of  Elementary  Mechanics  for  Colleges  and  Schools  .12mo, 
Du  Bois's  Elementary  Principles  of  Mechanics: 

Vol.    I.     Kinematics gvo. 

Vol.  II.     Statics gvo. 

Mechanics  of  Engineering.     Vol.    I Small  4to, 

Vol.  II Small  4to. 

♦  Greene's  Structural  Mechanics gvo. 

James's  Kinematics  of  a  Point  and  the  Rational  Mechanics  of  a  Particle. 

Large  12mo. 

♦  Johnson's  (W.  W.)  Theoretical  Mechanics 12mo. 

Lanza's  Applied  Mechanics gvo. 

♦  Martin's  Text  Book  on  Mechanics.  Voi.  I,  Statics 12mo, 

*  Vol.  II,  Kinematics  and  Kinetics.  12mo. 
Maurer's  Technical  Mechanics 8vo. 

♦  Merriman's  Elements  of  Mechanics 12mo, 

Mechanics  of  Materials gvo. 

♦  Michie's  Elements  of  Analytical  Mechanics gvo. 

Robinson's  Principles  of  Mechanism gvo, 

Sanborn's  Mechanics  Problems Large  12mo, 

Schwamb  and  Mernll's  Elements  of  Mechanism gvo. 

Wood's  Elements  of  Analytical  Mechanics gvo. 

Principles  of  Elementary  Mechanics 12mo, 
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$1  60 
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6  00 
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4  00 
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2  50 
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1  50 
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6  00 

6  00 

1  50 
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4  00 

6  00 
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1  50 

3  50 

4  00 

7  50 
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2  50 

2  00 

3  00 

7  50 

1  25 

1  50 
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1  00 
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4  00 

3  00 

1  50 

3  00 

3  00 
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•  AbderUMoi'i  Phr^tdotfe*!  Chtmiiirr  Is  TUrtr  LMtun. 
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letsD, 


Lust  1^ 
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k  in  PhydDlociMl  ClwmUtry . . 

lL  Labormtory- ....,.,.-.,-- 1^ 
ce  of  Medicine,  (Fitcher.)..!! 
th«T  Aniibodtei.     (Cobn.).  .  IS 


de  Pnnwc'i  Manual  ol  Ptycbitlry. 
Hammuiwri'i  Tnl-book  on  Phyriolopci 
JackKHi'>  DiTKlioni  for  Lubomtotv  Wot 
LetaAr-Cohn'i  Practical  UriDary  Analyiiv 
llandel'i  Hand-book  for  the  Bio-Chcrait:! 

•  Pauli'E  Phyiical  Cheiniilry  in  [he  Servi 

•  Poiii-Bocol'm  Toiini  and  Vcnomn  and  their  An 

KoilDilu's  Serum  DlagnasiB.     (Boldtian.) 

Buddiman'K  Incompatlbi lilies  in  PrescrlptioDi. 

Why*  in  Pharmacy 11 

SaUcondd'a  Phynologjcsl  and  Pathobncal  ChemiiiTr.     (Onidoifi.)  .... 

•Satter1ee'<  DuUinei  of  Human  Embryology i: 

Smith's  Loclure  Not™  on  Chemistry  for  Dmtal  SludenU 

•  Whipple*  Tyhpoid  Pever. Large  1 : 

Woodhulli  Notoon  Military  Hyvene. 1< 

-  Penwoal  Hygiene 1; 

VoTcesIer  and  AlkinaoD'a  Small  HoipiUla  HaUbliahmeot  and  Mainteni 
and  Sug^eEtions  (or  H<Hipital  Arcbitecturep  with  Plana  for  a  S 


2  00 
I  00 

3  SO 
I   25 

S  50 
3  00 
1   SO 


KETALLDRGY. 


Iron  Founder... 
Douglas's  VnlKhmci 


J^Chatelier's 

Me 

calf-s  Steel 

Riiers  Elemen 

Ta 

Part  I, 

Part  III.  A  Tieaiise  on  Brasses.  Bron;( 

Conslilutois 

Hike's  Modern  ElKlrohlic  Copper  Retining.. 
T.Vesi-5  American  Foundry  Practice. 

Moulders'  Tesl  Book 


milERALOOY. 

Baskerville's  Chemical  Elements.     (In  Preparation.)* 

Boyd's  Map  of  Southwest  Virginia Pocket-book  form.  $2  00 

*  Browning's  Introduction  to  the  Rarer  Elements 8vo,  1  50 

Brush's  Manual  of  Determinative  Mineralogy.     (Penfield.) 8vo,  4  00 

Butler's  Pocket  Hand-book  of  Minerals 16mo.  mor.  3  00 

Chester's  Catalogue  of  Minerals 8vo.  paper,    1  00 

Cloth,  .  1  25 

*  Crane's  Gold  and  Silver 8vo.  *  5  00 

Dana's  First  Appendix  to  Dana's  New  "System  of  Mineralogy".  .Large  8vo,  1  00 
Dana's  Second  Appendix  to  Dana's  New  "  System  of  Mineralogy." 

Large  8vo. 

Manual  of  Mineralogy  and  Petrography 12mo,  2  00 

Minerals  and  How  to  Study  Them 12mo.  1  50 

System  of  Mineralogy Large  8vo,  half  leather,  12  50 

Text-book  of  Minerak>gy 8vo,  4  00 

Douglas's  Untechnical  Addresses  on  Technical  Subjects 12mo.  1  00 

Eakle's  Mineral  Tables 8vo.  1  25 

Eckel's  Stone  and  Clay  Producte  Used  in  Engineering.     (In  Preparation). 

Goesel's  Minerals  and  Metals:  A  Reference  Book 16mo.  mor.  3  00 

Groth's  Introduction  to  Chemical  Crystallography  (Marshall) 12mo.  1  25 

*  Hayes's  Handbook  for  Field  Geologists 16mo.  mor.  1  50 

Iddings's  Igneous  Rocks 8vo.  5  00 

Rock  Minerals 8vo.  5  00 

Johannsen's  Determination  of  Rock-forming  Minerals  in  Thin  Sections.  8vo, 

With  Thumb  Index  5  00 

*  Martin's  Laboratory    Guide    to    Qualitative    Analysis    with    the    Blow- 

pipe  12mo,  60 

Merrill's  Non- metallic  Minerals:  Their  Occurrence  and  Uses 8vo,  4  00 

Stones  for  Btiilding  and  Decoration 8vo,  5  00 

*  Penfield's  Notes  on  Determinative  Mineralogy  and  Record  of  Mineral  Tests. 

8vo,  paper.  50 
Tables  of  Minerals.   Including  the  Use  of  Minerals  and  Statistics  of 

Domestic  Production 8vo,  1  00 

*  Pirsson's  Rocks  and  Rock  Minerals 12mo,  2  50 

*  Richards's  Synopsis  of  Mineral  Characters 12mo,  mor.  1  25 

*  Ries's  Clays:  Their  Occurrence,  Properties  and  Uses 8vo.  5  00 

*  Ries  and  Leighton's  History  of  the  Clay-working  Industry  of  the  United 

SUtes 8vo.  2  50 

*  Tillman's  Text-book  of  Important  Minerals  and  Rocks 8vo.  2  00 

Washington's  Manual  of  the  Chemical  Analysis  of  Rocks. , 8vo,  2  00 


MnfUIG. 

♦  Beard's  Mine  Gases  and  Explosions Large  12mo.  3  00 

Boyd's  Map  of  Southwest  Virginia Pocket-book  form.  2  00 

♦  Crane's  Gold  and  Silver 8vo.  5  00 

*  Index  of  Mining  Engineering  Literature 8vo.  4  00 

♦  8vo,  mor.  5  00 

Douglas's  Untechnical  Addresses  on  Technical  Subjects 12mo.  1  00 

Eissler's  Modem  High  Explosives 8vo,  4  00 

Goesel's  Minerals  and  Metals:  A  Reference  Book 16mo,  mor.  3  00 

Ihlseng's  Manual  of  Mining 8vo.  5  00 

♦  Iles's  Lead  Smelting 12mo,  2  50 

Peele's  Compressed  Air  Plant  for  Mines 8vo,  3  00 

Riemer's  Shaft  Sinking  Under  Difficult  Conditions.     ((x>mingand  Peele).8vo,  3  00 

♦  Weaver's  Military  Explosives 8vo,  3  00 

Wilson's  Hydraulic  and  Placer  Mining.     2d  edition,  rewritten 12mo.  2  60 

Treatise  on  Practical  and  Theoretical  Mine  Ventilation 12mo,  1  25 
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SANITARY  SCIENCE. 

Asflocifttion  of  State  ftnd  National  Pood  and  Dairy  D^Murtments,  Hartford 

Meeting.  1906 8vo,  $3  00 

Jamestown  Meeting.  1907 8vo,  8  00 

*  Bashore's  Outlines  of  Practical  Sanitation 12iiio,  1  25 

Sanitation  of  a  Country  House 12ido,  1  00 

Sanitation  of  Recreation  Camps  and  Parks IZnao,  1  00 

Folwell's  Sewerage.     (Designing,  Construction,  and  Maintenance.) 8vo,  3  00 

Water-supply  Engineering 8vo.  4  00 

Fowler's  Sewage  Works  Analyses IZnao,  2  00 

Fuertes's  Water-filtration  Works 12mo,  2  50 

Water  and  Public  Health 12nM>.  1  50 

Gerhard's  Guide  to  Sanitary  Inspections 12nio,  1  50 

*  Modem  Baths  and  Bath  Houses 8vo,  3  00 

Sanitation  of  Public  Buildings 12mo,  1  50 

Hazen's  Clean  Water  and  How  to  Get  It Large  12mo.  1  50 

Filtration  of  Public  Water-supplies 8vo,  3  00 

Kinnicut,  Winslow  and  Pratt's  Purification  of  Sewage.     (In  Preparation.) 
Leech's  Inspection  and  Analysis  of  Food  with  Special  Reference  to  State 

Control 8vo,  7  50 

Mason's  Examination  of  Water.     (Chemical  and  Bacteriological) 12mo,  1  25 

Water-supply.     (Considered  principally  from  a  Sanitary  Standpoint). 

8vo.  4  00 

*  Merriman's  Elements  of  Sanitary  Enigneering 8vo,  2  00 

Ogden's  Sewer  Design 12mo,  2  00 

Parsons's  Disposal  of  Municipal  Refuse 8vo,  2  00 

Prescott  and  Winslow's  Elements  of  Water  Bacteriology,  with  Special  Refer- 
ence to  Sanitary  Water  Analysis i2mo,  1  50 

*  Price's  Handbook  on  Sanitation I2mo,  1  50 

Richards's  Cost  of  Cleannej« 12mo,  1  OQ 

Cost  of  Food.     A  Study  in  Dietaries 12mo,  1  00 

Cost  of  Living  as  Modified  by  Sanitary  Science 12rao,  .  1  00 

Cost  of  Shelter 1 2mo,  1  00 

*  Rithanls  and  Williams's  I)i''tar\'  Comimter 8vo,  1  50 

Ri«. hards  and   Woodnian's  Air,   Water,  and  Food  from  a  Sanitar>'  Stand- 

P'^nt Svo,  2  00 

*  Richey"^     IMuiiibiTs'.     Stcani-litters'.    and     Tinners'     Edition     ^Building 

Mrthanit  ^>'  Ready  Reference  Series) 16mo,  mor.  1  50 

Rideal'-  I>isiTjfe<  ti<)n  and  the  IVtrservalion  of  Food 8vo,  4  OQ 

Sowaj.'e  and  liacterial  Piirificauon  of  Sewage Svo,  4  00 

Super's  Air  and  Wntilaiion  of  Sul.>\v;iy>. 12rao,  2  50 

Tiirneann-  and  RiK^-elis  l'iiV)h\-  Water-^upi'lies Svo,  5  (X) 

\'enal)le'>  <'i.irhri^:e  Crenialciries  in  Anieri<  a «,.8vo,  2  00 

M«  tiled,  an-!  Devic  es  for  Uacterial  Treatment  of  ScwaKC Svo,  3  00 

Ward  and  Whi|]'li''s  Frr-^hwater  Hiclnpy.      (In  I're-^s.) 

Wliip]vli* -^  Mi(.Tr..-(  !.);)>•  <>:  DnnkinK-\Nater Svo,  3  50 

*  Tvi>li<..i  i  Fever    Large  I2mo,  3  00 

Wtl'je  (W"  I'-.ire  Water Large  12mo,  1  00 

Winsl'y.v':-.  Systematic  Relalionrbip  vi  the  Coccacea" Large  12iXlO,  2  50 


MISCELLANEOUS. 

I-n-ni'-r.-.  "s  (  m-.  lir.j-i.rd  f.i-.i  led- -ok  of  tb.e  Rorkv  Mr.untain  Excursion  of  the 

I;-.t(  :i-.aii    :i  ,!  (  .■.r:j,;r<-  ■.    ■■!  ('.•  '-i'^^  ;-t-. Large  8vo.  1   50 

I--^  rr.-;       p.  .;■..!.,-    Tr.Mtr.e  -..u  :lif  W'r:  '•              8vo,  4  00 

I-'n /,-.•!  ,1  1  -.  I'..    I.-;,  M:, .}•!:;, -t.  .                         ISmn,  100 

(  .  tn::'-!!  -  >.r.iti-tu  .d  Ai-tia'  t  ■  .t  r):.-  \V..rl  :       24aiO,  75 

il'!!-.,-    .  A":..-ri.  an   Rai!-.\;i\    MaT:a>.'.r-  .  ••.:       12mo,  2  50 

*  Ilji.v.,  vk      The  MKn.-c.v,-\  vf  T«-<  hi-.iryi  Pre;:-:-  t,.      (Winion) 8vo,  5  00 

l.S 


Jacobs's  Betterment   Briefs.     A  Collection   of   Published    Papers  on   Or- 
ganized Industrial  Efficiency 8vo, 

Metcalfe's  Cost  of  Manufactures,  and  the  Administration  of  WorVshops..8vo. 

Putnam's  Nautical  Charts 8vo. 

Ricketts's  History  of  Rensselaer  Polytechnic  Institute  1824-1894. 

Large  12mo, 

Rotherham's  Emphasised  New  Testament Large  8vo, 

Rust's  Ex-Meridian  Altitude.  Azimuth  and  Star-finding  Tables 8vo. 

Standage's  Decoration  of  Wood.  Glass.  Metal,  etc 12mo, 

Thome's  Structural  and  Physiological  Botany.     (Bennett) 16mo, 

Westermaier's  Compendium  of  General  Botany.     (Schneider) 8vo, 

Wintlow's  Elements  of  Applied  Microscopy 12mo, 


HEBREW  AND  CHALDEE   TEXT-BOOOKS. 

Gesenius's  Hebrew  and  Chaldee  Lexicon  to  the  Old  Testament  Scriptures. 

(Tregelles.) Small  4to,  half  mor.     5  00 

Green's  Elementary  Hebrew  Grammar. 12mo,     1  25 


S'(rv  c 
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